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An Introduction

Most people take the sun, the moon, and the stars for granted and leave them
to those bearded old men who, they imagine, spend their nights gazing at
the sky through telescopes. It will come as no surprise to you that there are
very few bearded old men who spend whole nights at a telescope. Gazing
through any telescope gives very little knowledge about the stars. Instead,
astronomers, many of whom are very young, do much measuring of direction
and angle, of light intensity and color, and of other qualities of celestial objects.
You may have a student in your class who will think of you ten years from
now while he stands beside the largest telescope in the world and photographs
the spectrum of an object at the edge of the known universe.

In th¢ meantime, all of us have been jolted out of our solic arth com-
placency by two very startling phenomena. In 1947, the first teports of “flying
saucers” appeared. The believers and unbelievers are still trying to be as
convincing and scientific as possible, but we all want to know if and where
the saucers were seen and where they came from. In 1957, artificial satellites
were first put in earth orbit. They stirred up the whole world to a conscious
recogaition that man is advancing beyond his own planet and that nations
will compete for dominance in space. People who once confused astronomy
with astrolcgy now expressed interest in learning more about the sky and the
objects in it. They wanted to know how large and how far away these bodies
were and how fast they traveled. After all, perhaps everyone could have his
own “saucer” for transportation, or could take a trip into space in a satellite.
This desired knowledge of size, separation, and speed is really concerned with
distance measurement i one form or another.

DISTANCES IN THE SKY

We have trained our eyes to estimate distances immediately around us. This
is part of the skill needed in threading a needle. Furmiture in a room helps
with depth estimates because the sizes of chairs, tables, and pictures are
familiar. In the open, we need familiar objects for reference. We know some-
thing about the height of a building by comparing 1t with automobiles on
the street, or about distance when we see a house with a door or a window.
But we can be fooled by a toy automobile or a dolthouse if there are no other

objects for comparison
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For the sun and the moon, we have no familiar objects for coinparison.
We see them as bright disks in the sky. apparently of about the same size.
Thev both subtend an angle of about 1° with the eve. If apparent size were
an indicator of distance. we might argue that if it took three days to put a
probe on the surface of the moon, we could put one on the sun in three days,
too. But vhen either one approaches the honzon, where there are objects for
comparison. we experience the common illusion of an enlarged appearance.
Size. then, is a poor indicator of distance.

Part of our skill in estimating distances is due to having two eyes, set Some
distance apart. The angle that ouvr eves form with an object gives our bran
a clue about the depth. As the distance from an object becomes greater, the
angle formed by the lines of sight from our two eyes becomes smaller. At
| meter. the lines of sight form an angle of about 4° with an object. At 10 me-
terz, the angle has decreased to $°: at 100 meters. it is only about 0.04° and
has become tov smal' to give reasonable clues to the brain. But even though
our eves cannat be depended on for the measurement of large distances, the

principle can be used in astronomy. Astronomical measurements can begin, .

for examp'e, with the length of the arc on the surface of the earth subtended
by an aagle of 1° at the center of the earth. This measurement makes it
possible to calculate the earth’s radius. The earth’s radius subtends an angle
at the moon. From that angle and the radius of the earth, w can find the
dimensions. in miles, of our natural satellite.

The distance betweer your eyes could be called a “base line” for measuring
distances. By making the base line longer. the principle can be applied to
terrestrial and celestial measurements. Surveyors use base lines when they set
up the boundaries for properties and tor whole continents by triangulation.
The Mason-Dixon line between the states of Maryland and Pennsylvania was
the result of one of the earliest surveys, using a base line mcasured by Charles
Mason and Jeremiah Dixon.

The base line can be increased from hundreds of miles on the earth’s surface
to the diameter of the earth. But distances are so _reat in astronomy that
even this is too short for precise measurements of the distance to the sun.
By using radar. however. an accurate distance to Venus <an be determined.
and now the base line can be extended to millions of miles. Neither the sun
nor any other star can act as a reflector for the radar pulses, but an accurate
<un distance can be determined by using the earth-Venus base line.

This distance from the earth to the sun—or. more specifically, the mean
radius of the earth’s orbit around the sun-—is called the astronomical unit.
In popular terms, it is known as the astronomer’s vardstick. When observations
of a star are made from opposite ¢nds of the earth’s orbit, the base line
hecomes two astronoimical units. Iistances to the nearer stars can be found
by uring this known base line (about 186 million miles) and the angle that
it subtends to the star.

Hold a pencil at arm’s length from vour eves. and sight at a distant object.
Close first one eye and then the other. The pencil scems to shift position in
relation to the distant object. This effect s called paraiiax and can be used
to tind the angle that the base hne wubtends to the star. Half of this angle
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and an astronomical unit from the sun to the earth form the necessary parts
to & right triangle, the solution of which givas the distance to the star.

The path of the solar system as it swings in a huge orbit of its own can
provide a still longer base line. However, for any but the nearer stars in ows
galaxy, the parallax method soon loses all accuracy. Yet we talk about galaxies,
nebulae, and quasars millions of times farther away. To see how we can do
this, we need to look at another tool of the astronomer.

LIGHTY FROM THE SKY

Of man’s five senses, sight s by far the most importzat for the astronomer.
All the distance measureme. ts that have been discussed so far are dependent
directly or indirectly on the perception of radiant energy. And all radiant
energy, of which visible light is a small part, travels from its source in a way
that can give the astronomer further information about the distance and other
characteristics of the body.

Light from a tiny candle or a star is sent out in all directions in an expanding
sphere. The only way in which this energy of a star becomes weaker is by
the increasing size of the sphere, or in other words, by being spread over a
greater area. The apparent brightness of a star is dependent on the radius
of the sphere of its energy at the point at which it is observed.

From the earth we observe the sun at a point on a sphere whose radius
is one astronomical unit. All radiant energy travels at 186,000 miles per second,
so the light from the sun reaches us in about 500 seconds, cr a little more
than 8 minutes. The sphere of the nearest star has a radius of 270,000 astro-
nomical units, or 4.3 light-years. One light-year is the distance light travels
in one year—about 6 million million miles—another way of measuring dis-
tance. The sphere of energy surrounding a galaxy with a radius ot billions of
light-years is almost beyond comprehension, but if the galaxy is visible, the
shell of energy has reached the eartl.

The energy or light measured on the earth will depend on the area of the
energy shell intercepted for observation. The eye intercepts a circular area
about 5 mm in diameter. This is a very tiny part of a sphere whose radius
is one astronomical unit. It is a still smaller portion of a sphere from the nearest
star. At a certain level of energy, the eye fails to see any light, so we gather
more energy from the stars by using larger areas, such as telescopes. The
200-inch Hale telescope can intercept more than a million times the energy
picked up by the human eye. For that reason, it allows us to see stars that
are a million times fainter.

The litde pyrheliometer, or sun-energy measurer, used by the student is
a typical device for measuring the unit power from the sun or a star. The
area of the copper strip represents a portion of the energy sphere. The ther-
mometer indicates the rate, in degrees per minute, at which energy is absorbed
by the copper strip. From these data, the energy unit for the sun, called tie
solar constant, can be found. Using the area of the sphere and this solar
constant, the total energy per second, or the wattage, of the sun can be calcu-
lated.
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Light f-om the sun or a star can carry other messages besides energy. When
the spectrum is examined with a spectroscope, the resulting colors can give
important clues about temperature. The brighter the red end of the spectrum,
the cooler the photosphere, or light-produciny surface, of the star. The brighter
the blue end, the higher the temperature of the star.

Stars can be classified by size and temperaiure in comparison with the sun.
Once this comparison is made. the total power is known. By using th.: power
and the energy-sphere concept. the problem can be worked 1n reverse and
the distance to the star found. Thus, distances far beyond the parallax limit,
and not dependent on base lines, can be determined photometrically.

Careful examination cf the continuous spectrum of the sun with a good
spectroscope reveals hundreds of dark lines interspersed with the colors. When ’
the spectroscope is pointed a: glowing hot gases or vapors of the separate
elements, bright colored lines appear that can be matched with the dark lines .
in the solar spectrum. Thus, the spectrum of a star can tell us something about
its composition by the “fingerprints™ of the elements that appcar. The dark
lines are caused by the subtraction of discrete lines of color from the continu-
ous spectrum by the gases through which the light passes; hence these spectra
are called absorption spectra, and show the presence of specific elements m
the “atmosphere™ in the path of the light. One element, helium, was discovered
in this way on the sun before it was found on the carth.

The spectroscope can convey much more information, including the relative
motion in the line of sight, the rotation of the body. the magnetic fields, and
many other features of stars. The spectroscope is a very important tool in
astronomy and, coupled with the known laws of the behavior of light, can
supply information about size and relative age of a star that to the present
time cannot be found in any other way.

e

INVERSE SQUARES IN THE SKY

The expanding-sphere concept of light propagation can help illustrate one
of the basic laws underlying science. The area of a sphere equals 4mr2. If 7,
the radius of the sphere, is one unit (one meter, one astronomical unit, ot
whatever), then the light falis on a sphere whose total area is 4= square units.
If the radius of the sphere is increased to two units, then the total area of
the sphere becomes 4n X 22, or 16w square units. Triple the radius of the
sphere, and the total area is equal to 4 X 3% or 36w square units. This means
that the same amount of light will be spread over 4 times or 9 times as much
area. The light per unit area, then, will vary inversely as the square of the _
distance from the source. Twice as far away means } as much light; three ~ t
times as far, the light drops to § as much. j
This inverse-square law underlies several of the great forces in nature as
well. The gravitational attraction of two bodies varics this way. If the distance
between them is doubled. the force of autraction is only § as much. The orbits
of all heavenly bodies (and of man-made satellites) arc controlled by this
relationship. The pull of the carth on the moon. at a distance of about 60
carth radii, is only ggg 85 much as 1t would be on a like body at the carth’s
T6 surface. |
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The forces of magnetism and electrostatics behave the same way. Two
charged bodies will attract or repel each orher. depending on their charges.
in an inverse proportion to the square of the distance between them. Magnet-

" ism and electrostatics are not in the subject matter of this umt. but when
the student doubles the distance between a light source and the energy-
measurer, only } as much temperature change should result.

ORBITS IN THE SKY

Even though the force of gravity between the earth and the moca is only
a small fraction of what it would be if the moon were much closer, the pull
on the two massive bodies is tremendous. Why, then. a student may ask. does
the moon continue to circle instead ot spiraling into the earth’s surface? What
other forces are present that affect its observed behavior? And, of course,
similar questions could be asked about the earth and the other planets as
they orbit around the sun.

Galileo, ind later Newton, stated some rules that apply to all bodies at
rest or in motion. One of the.s has to do with a property called inertia. Simply
stated, it says that a body at rest tends to remain at rest, and a body in motion
tends to remain in motion in a straight line, unless acted upon by an external
force. So the moon, in motion around the earth, tends tc travel at all times
in a straight line. Now the question, if you had no prio: knowledge of the
situation, would be, “Why, then, doesn't the moor travel in its straight line
and fly off into outer space?”

But you have already heard of an external force—one that varies inversely
as the square of the distance. It acts inward, toward the earth, at a rignt angle
to the instantaneous straight-line motion of the moon. At the moon’s distance.
this gravitational attraction is just sufficient to deflect the moon continually
from its straight-line path into its curved orbit around the earth. Thus it is
also with the earth and the other planets, and with all other orbiting bodies.

What, then, is this curved path that is followed by orbiting bodies? There
was no doubt in the minds of the early scholars on this point. A perfect circle
was the only path befitting a celestial objact. Of course, they alse believed
the only appropriate center for al’ the circles was the earth, and so the sun,
moon, the known planets, and all the stars revolved around this terrestrial
sall. To believe this about the sun and moon caused little difficulty. But the
apparent paths of the planets were so erratic that complicated models of
eccentric arms moving around invisible points in space became necessary to
explain the motions By a.p. 1500, Mars required 25 of these eccentric arms,
or epicycles, to make the model work.

Copernicus revolunionized astronomical thinking by placing «ite sun at the
center of the orbit circles for the planets. By using orniy one or two eccentrcs,
he was able to make his model fit all the observatiors. The moon revolved
around the earth in a perfect circle. and the earth in turn made a perfect
circle around the sun. It is interesting to notc inat, without instruments, we
today would have a diff.cult ime proving that the distance to the sun and

14
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¢ orbits of the

moon and the earth are not perfect circles. felescopic observations. made daily
at the Naval Observatory in Washington, however, show a change in the

to the moon is subject (o change, or in other words, that th

apparent size of th. sun, moon, and the planets. Either these heavenly bodies
are changing in size, or thev are changing in distance from the earth.

Kepler, using the careful observations of his mentor Brahe. decided that
the distances must change. He postulated three laws that went a long way
toward solving the remaining difficulties of the Copernican model. Briefly
stated, they are as follows:

i. Planeis move in elliptical orbits, with the sun at one focus of the ellipse.

2. The line joining the centers of the sun and a planet sweeps over equal

areas in equal time intervals.

1. The cube of the mean distance from the sun divided by the square of

the period is the same for all planets.

The first law explains why the apparent size of the sun (and the moon, where
the law also applies) is variable. The second law gives a reason for an observa-
tion made by Hipparchus, a Greek astronomer in the second century B.C, He
noted that the number of days from the first day of spring to the first day
of fall was greater than the days from autumn to spring again. He reasoncd
-nat the relative motion must be slower in the summer (or that the distance
traveled was greater in the summer). The third law gives a scale to the solar
system, because T, the period in years, is directiy observable, either totally
or in part, and R, the mean distance in astronomical units, can be computed
from R3 = T2

It probably should be pointed out that gravity requires a body to move
in an orbit that can take only four shapes. They are called conic sections
because they are formed when a cone is cut in any one of four possible ways
by a plane. If the cut is parallel to the base, the conic is a circle. If the cone
is cut above the base but not parallel 1o it, an ellipse issformed. If the cut
is parallel to one edge of the cone, a parabola results; a cut parallel to the
axis of the cone gives a hyperbola.

Which of the orbits a body will follow is determined by its speed. At the
slowest possible speed, the orbit is a circle. Any speed from this to 1.4 times
as much results in an ellipse. If the speed is increased bevond this point, &
patabola resuits, and the body escapes the gravitational field of the attracting
body. If it moves still faster, a hyperbolic orbit is formed. Only in the cases
of a circle and an ellipse will the orbit continue around the attracting body

in a closed path.

RELATIVITY IN THE SKY

There is no stationary platform from which we can make measurements. When
vie observe the apparent motcns of celestial objects, we have to remind
ourselves that we are on a rotating, revolving sarth that is traveling through
space as a part of a moving solar system, which 1n turm 18 moving in a galaxy.
Add to these motions the slow precession of the earth on 1ts axis, and there
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is little wonder that the ancients had diticulty in determining which body
was indesd doing the traveling.

Fortunately, the astronomical distances are so grear in relation to the speeds
of thes: various motions that we need concern ourselves only with a rotating
and revolving earth for our work in this umt. But even here there is difficulty
in deciding which of the relative motions can be attributed to a particula
body. The principal argument for the acceptance of the Copernican model
of a heliocentric system was that it simplified the explanation of the observa-
tions. When Galileo built a teles. »pe and discovered moons revolving around
Jupiter and observed the changing phases of Venus, he felt that he had some
proof for the theory of Copemicus.

. The underlying idea of Einstein’s General Theory of Relativity can possibly
sum up the problems of all these motions. In essence it says that we can
measure the motion of an object only relative to other abiects; there is no
such thing as absolute motion of a body relative to space. In appearance, it
makes little difference whether the earth is stationary, with the moon and sun
revolving around it in varying paths; or whether the sun is stationary, with
a rotating earth and its revolving companion moon both revolving around it.

AN OVERVIEW

As the student begins this unit, he is confronted with the question “How do
astronome: get accurate information about objects like the moon and the
planets without actually going to them?” Since the sun is the most available
stellar body for the student to observe, he begins his study of this question
by trying to make measurements of the sun.

His first observitions invelve the spectroscope. From it, he learns that the
sun gives off a continuous spectrum of light except for a few dark Fraunhofer
lines. These, he learns, result from sunlight passing through an atmosphere
around the sun. By observing both the dark-line (absorption) spectra of the
sun and the bright-line (emission) spectra of several elements, the student is
led to the conclusion that it is possible to predict from sunlight the presence
of specific elements in both the core and the atmosphere of the sun, ¢ 1d that
this is also possible with othcr stars.

These observations with the spectroscope l.ad the student to the need for
a 1nore accurate and convenient temperature measurer—a solar-energy meas-
urer. The student builds this solar-energy measurer (which the astronomer
valls a pyrhefiomeier) out of copper, a thermometer, and candle soot. With
it, he leaias that he can measuie the wattage of a radiating source of heat
and light if he knows the distance of the source from his measuring device.
If he doesn’t know this distapce, the student finds he can only express the
heating effect cf a source in term: of its equivalent heating effect relative to
a known wattage source at a specified distance from his solar-energy measurer.
in the case of measuring the wattage ot the sun. the student recognizes that
he must first determine the distance from the earth to the sun.

o
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In exploring possible methods of measuring the distance of objects too far
away to measure by diract means, the student begins by examining a range
finder as used in a camera as a possible method. The method fails, but the
student learns that a much larger base hine and sighting angle hold promise
for solving his problem. He then uses the radar distance to Venus of 26 million
miles as a base line and constructs a scale drawing of the earth, the sun and
Venus when Venus is in a positon of maximum angular separation (46°) from
the sun as seen from the earth. Using his scale drawing, the student then
determines the distance from the earth to the svn to be about 93 million miles.

Using a pinhole and a translucent screen, the student develops a meihod
of measuring the size of an object. He uses the distance from the object to
the pinhole and from the pinhole to the screen and the size of the image
projected on the screen. With his newly found distance to the sun and a solar
image of -cm diameter, he finds the diamerer of the sun.

Next the student uses the angular change in the shadow of an object to
compute the sun's apparent speed in the sky. In doing this, he also discovers
the relativity of the solar motion and the effect on the system of time that
is used. He observes the apparent paih of the sun, and tries o determine
if it is the same every day.

The student now returns to the question of the power of the sun. He applies
huis earlier tinding of how the wattage of a source increases with an increase
in distance to produce the same heating effect on a surface. The student then
uses his own measurements to compute the power of the sun.

The unit concludes by summarizing the methods employed by the student
' make inferences about the sun, including its power, distance from the earth,
and composition. The student is then. given data about other stars and is asked
to make as many of his own inferences as he can about them. He also uses
the same method that he used with Venus to determine the nearest distance
from the earth to Mercury. Using this distance and other data that he found
earlier, he finds the diameter of Mercury.

GENERAL INFORMATION

Each chapter of the Teacher's Edition contans an equipment list for that
chapter. The same is true for each excursion. In addition, the last page of
cach chapter alerts you to preparations necessary for the tollowing chapter.
Among the materials listed will be some items that must be supplied locally.
["or Chapter 1, these include scissors, string, white paper, a fluorescent hight
source, glasses or baby-food jars. matches, distilled water if necessary, and
colored pencils or crayons if desired: for Chapter 2. paper clips and matches;
for Chapter 3, manila folders or cardboard and white paper; for Chapter 4,
beans or other small objects: for Chapter $, cardboard. scissors, single-edged
razor blades, and a needle or other pointed nstrument; for Chapter 6, card-
board, string, white paper, and scissors. In addition, glasses or baby-food jars
are needed for Excussion 1-1. and white cardboard for Excursion 5-1. You
will note repeated use of cardboard, so tablet backs, cardboard shirt-stiffeners,
thin cartons, or cut-up boxes should be stockpiled.

TR
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GET IT READY NOW FOR CHAPTER 1

Vou will prooably want to have the spectroscopes assembled, the alcohol
L#tners filled, the nichrome wire cut into 10-cm lengths and the 150-watt bulbs
in their ceceptacles. Depending on your room facilities, you may have to make
provision for extension cords to go to the nearest wall outlet. For dispensing
the three salts, set up a system that will minimize contamination. The source
of fluorescent light should be identified. Make a test of your tap water in
a flame to sec if any appreciable color resulss; if it does, you may want to
use distilled water (not much is required) with the salts.

It would be advisable to spend some time with the class on alcohol burner
safety rules. Reasonable care in handling will gnard against accidents. A
suggested list (you can probably think of more) might include the following.

1. Avoid refilling burners in an area where they are being used or near

any open flames.

2. Do not carry a lighted burner around the room.

3. Avoid working over lighted burners.

4. Use cave to avoid tipping the burner over.

5. Do not get the end of the spectroscope so close to the burner that damage

results.

6. Do not fill burners more than half to two-thirds full

7. Extinguish and cap a burner when it 1s not in use.

Pails of sand, fire extinguishers, and a fire blanket she.ld be standard equip-
ment in every room, and the students should be instructed in their use. At
this same safety session, it might be wise to reinforce the cautions in the text
against looking at the sun, either directly or through any insttument.

T11
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Foreword

A pupil’s experiences between the ages of 11 and 16 probably shape his ' v
ultimate view of science and of the natural world. During these years K :
most youngsters become more adept at thinking conceptually. Since e
concepts are at the heart of science, this is the age at which most stu-
dents first gain the ability to study science in a really organized way.
Here, too, the commitment for or against science as an interest or a
vocation is often made.

Paradoxically, the students at this critical age have been the ones
least affected by the recent effort to produce new science instructional
materials. Despite a number of commendable efforts to improve the
situation, the middle years stand today as a comparatively weak link in .
science education between the rapidly changing elementary curriculum
and the recently revitalized high school science courses. This volume
and its accompanying materials represent one attempt to provide a
sound approach to instruction for this relatively uncharted level. ‘

At the outset the organizers of the ISCS Project decided that it ‘
would be shortsighted and unwise to try to fill the gap in middle
school science education by simply writing another textbook. We chose
instead to challenge some of the most firmly established concepts
about how to teach and just what science material can and should be
taught to adolescents. The ISCS staff have tended to mistrust what
authorities believe about schools, teachers, children, and teaching until
we have had the chance to test these assumptions in actual classrooms
with real children. As conflicts have arisen, our policy has been to rely K
more upon what we saw happening in the schools than upon what
authorities said could or would happen. It is largely because of this
policy that the ISCS materials represent a substantial departure from
the norm.

The primary difference between the ISCS program and more con-
ventional approaches is-the fact that it allows each student to travel v
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at his own pace, and it permits the scope and sequence of instruction
to vary with his interests, abilites, and background. The ISCS writers
have systematically tried to give the student more of a role in deciding
what he should study next and how soc 1 he should study it. When the
materials are used as intended, the ISCS teacher serves more as a
«iask easer” than a “task master.” It is his job to help the student
answer the questions that arise from his own study rather than to try
to anticipate and package what the student reeds to know.

There is nothing radically new in the ISCS approach to instruction.
Outstanding teachers from Socrates to Mark Hopkins have stressed the
need to personalize education. ISCS has tried to do something more
than pay lip service to this goal. ISCS’ ma,or contribution has been to
design a system whereby an average teacher, operating under normal
constraints, n an ordinary classroom with ordinary children, can in-
deed give maximum attention to each student’s progress.

The development of the ISCS material has been a group effort from
the outset. It began in 1962, when outstanding educators met to decide
what might be done to improve middle-grade science teaching. The
recommendations of these conferences were converted into a tentative
plan for a set of instructional materials by a small group of Florida
State University faculty members. Smali-scale writing sessions con-
ducted on the Florida State campus during 1964 and 1965 resulted in

ilot curriculum materials that were tested in selected Florida schools
during the 1965-66 school year. All this preliminary work was sup-
ported by funds generously provided by The Florida State University.

In Jur.e of 1966, financial support was provided by the United States
Office of Education, and the preliminary effort was formalized into
the ISCS Project. Later, the National Science Foundation made sev-
eral additional grants in support of the ISCS effort.

The first draft of these materials was produced in 1968, during a
summer writing conference. The conferees were scientists, science
educators. and junior high school teachers drawn from all over the
United States. The original materials have been revised three times
prior to their publication in this volume. More than 150 writers have
contributed to the materials, and more than 180,000 children, in 46
states. have been involved in their field testing.

We sincerely hope that the teachers and students who will use this
material will find that the great amount of time, money, and effort
that has gone into its development has been worthwhile.

Tallahassee, Florida The Directors
February 1972 INTERMEDIATE SCIENCE CURRICULUM STUDY
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Notes to the Student

The word science means a lot of things. All of the meanings are “right.”
but none are complete. Science 15 many things and is hard to de-
scribe in a few words.

We wrote this book to help you understand what science is and what
scientists do. We have chosen to show you these things instead of
describing them with words. The book describes a series of things for l
you to do and think about, We hope that what you do will help you
learn a good deal about nature and that you will get a feel for how '
scientists tackle problems.

_i
!

How is this book difterent trom other textbooks?

This book is probably not like your other textbooks. To make any
sense out of it, vou must work with objects and substances. You should
do the things described. think about them. and then answer any ques- (
tions asked. Be sure you answer each questicn as you come to it.

The questions in the book are very important. They are asked for
three reasons:

I. To help you to think through what you see and do.

2. To let you know whether or not you understand what you’ve done.

3. To give you a record of what you have done s0 that you can

use it for review.

How will your ciass be organized?

Your science class will probably be quite different from your other
classes. This book will let you start work with less help than usual
from your teacher. You should begin each day's work where you left
off the day before. Any equipment and supplies needed will be wait-

ing for you.

[ 4
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Your teacher wiil not read tc you or tell you the things that you are
to learn. Instead, he will help you and your classinates individually.

Try to work ahead on your own. If you have trouble, first try to
solve the problem for yourself. Don’t ask your teacher for help until
you really need it. Do not expect him to give you the answers to the
questions in the book. Your teacher will try to help you find where
and how you went wrong, but he will not do your work for you.

After a few days, some of your classmates will be ahead of you and
others will not be as far along. This is the way the course is suppescd
to work. Remember, though. that there will be no prizes for fushing
first. Work at whatever speed is best for you. But be sure you under-
stand what you have done before moving on. '

Excursions are mentionéd at several places. These special activities
are found at the back of the book. You may stop and do any excursion
that looks interesting or any that you feel will help you. (Some ex-
cursions will help you do some of the activities in this book.) Some-
times, your teacher may ask you to do an excursion.

What am | expected to tearn?

During the year, you will work very much as a scientist does. You
should learn a lot of worthwhile information. More important, we
hope that you will learn how to ask and answer questions about
nature. Keep in mind that learning how to find answers to questions is
just as valuable as learning the answers themselves.

Keep the big picture in mind, too. Each chapter builds on ideas
already dealt =.th. These ideas add up to some of the simple but
powerful concpts that are so important in science. If you are given a
Student Record Book, do all your writing in it. Do not write in this
book. Use your Record Book for making graphs, tables, and diagrams,
too.

From time to time you may notice that your classmates have not
always given the same answers that you did. This is no cause for
worry. There are many right answers to some of the questions. And
in some cases you may not be able to answer the questions. As a
matter of fact, no one knows the answers to some of them. This may
seem disappointing to you at first, but you will soon realize that there
is much that science does not know. In this course, you will learn
some of the things we don't know as well as what is known. Good luck!







EQUIPMENT LIST
Per student team

per class

1 Incandescent light source (i50-watt buib
In receptacle)

1 fluorescent light source

Distilled water (if necessary)

Strontium chloride

Sodium shloride

1 spectroscope

1 sheet of white paper
2 pegboard backs

1 alcohol burner

1 medicine dropper

" The Message of Sunlnght

* 3 petrl dishes
* 3 10-cm lengths of nichrome wire
3 3-cm lengths of masking tape
:1 glass or baby-food jar
10-cm lengths of string

: Excuralon 1-1 Is keyed to this chapg‘,

Space probes have photographed the surface of Mars and
tof the moon. The Mariner space prcbes actually sampled
R the atmosphere of Mars, whiie the Surveyor space probes
ample the soil of the moon. Now men have walked on the
gmoon’s s.:rface and brought back rock samples and detailed
photographs. It may surprise you to learn that these develop-
ments have led to few unexpected results. Most of the infor-
atlon collected supported what astronomers already be-
Elicved. How did astronormers get such accurate information
fabout objects like the stars, the moon, and the planets without
ctually going to them? This is the question you will tackle
an: this unit.
mcc you are in schoo: during the day, a gnod place to
:to study the sun and measure some of its charac-
7Some of the questions about it that you should try
cr mcludc these:

¥

_‘_’!*' t is the sun made of?-
1»!- .much energy does the sun give off?
ﬁ i W}can the distance to the sun be measured?
4 Jow, large is the sun?
0V can the motion of the sun be described?

'-thmk you can answer some of these questions
aps, for example, you've read somewhere how
jthe sun,’ But remember, you should also learn
urements of the sun are made. Finding out will
;norc thought than simply looking up a number
‘you know how to find such answers, you

estigate celestial objects on your own.

Lithium chloride

Methanol (tor burners)

Matches

Scissors

Crayons or colored pencils {optional)
3 petri dishes (for "unknov:ns'™

3 10-cm lengths of Chrome wirn

Chapter 1

CHAPTER EMPHASIS

The student 1s introduced to the use of the
snectroscope and the ways in which it aids
in making inferences about the composi‘ion
of light sources.

MAJOR POINTS

1 A spectroscope spreads hight into its com-
ponent COIOr's.

2 A diftraction grating is the part of the spec-
troscope that spreads the hght

3. Sunhight and incandescent bulbs torm a
continuous spectrum

4 A fluorescent lamp forms a continuous
spectrum with bright lines on 1t

5 Difterent elements, when neated 0 incan-
descence. show specitic bright hines of color
6 Brnght hnes ot particular colors 1in the
spectrum can be used to predict the presence
of detinite elements in a substance.

? The prasence of helium was hrst suspected
by the spec.ic lines tormed in the sun’s spec-
trum
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‘,On the next page. students begin usng the
spectroscepes. You will probably want to
nave them assembled. with the gratings and
slita In place. This will avoid the danger of
students getting fingerprints on the piastic
gratings during assembly Fingerprints tend to
cut down the efticiuncy ot the spectrosrope.
Warn students against touching the piastic,
petore hey begin using it. Gratings can be
cleaned with metharol (burner alcohol) and
& soft cloth or cotton. Do not scrub. Extra
gratings are supplied in the k:t, anc¢ in the
event that cteaning wilt not suftice. you will
have to Install a new grating. A student who
cannot distinguish colors will be at a disad-
vantage. If you have studer.:s who are color-
tiind, team them up with ones who are not.
But be sure that itis notjust & case of jooking
{or the spectrum In an incorrect manner. The
student may only need a hittle adgditior:al help
in using the spevtroscope.

e o e T AT Y

Aithough it I8 not necessary tor the student
to know, the 1ainbow 1S produced in & some-
what differer’. manner than the spectrum from
a diffraction grating is produced. in 8 rainbow,
the ditferential bending of the colors of light
as they pass from oné medcium to another
(water dropie’s to air) in @ process calied
retraction forms the color spectrum in the
grating, light is diffracted—spread out—as it
passes through thousands oi tinv shts, and &
cotor spectrum Is formed.

2 CHAPTER1

Getting started

Although you may nol realize ity the sun s constantly
sending you information aboui itself. Unfortunately, you
can't red the information like a newspapet. The information
s in the form of Light. Figuring out what 1t tells you about
the sun is rather like cracking a code.

One of the ways to read sunlight is to observe how it
behaves when 1t passes through certain materials. You've
probably seen an example of this after a rainstorm. Light
passing through droplets of rain at
up into a series of colors. Most peop
bow. Scientists call it a spectrum.

a certain angle is broken
le call the resuit a rain-




Begin your study of the sun by looking carefully at the
spectrum formed when its light passes through a device called
a spectroscope. Before you start, however, here is an impor-
tant warning.

Safety Note Never look directly at the sun through any instru-
ment or with your unaided cye. This can cause serious damage
{0 your eyes.

, Pick up a spectroscope from the supply area. Be careful
. ot to touch the plastic disk in the eyepiece. The oil from

ACTIVITY 1-1. Lay a sheet of white paper in a patch of direct
sunlight. (This is a safe way to observe sunlight without look-

. loward the paper with the slit pointing up and down. Hold the
Loyepiece snugly against your eye.
A Sunlight
SN

Hold like this,

not this,

Students may nouce a second spoctram far.
ther out on both sidues. This may tend to con-
fuse them Actually it is spread out wider and
1s much dimmer than the primary spectrum,
but &ll the cotors ars Iin the same order. The
fact that it 1s spread out wider tends to make
the separate culors more discernible

1-1. Answors will vary according to wvisual
acuity and care in obsarvation. Red, orange,
yellow, green. blue, violet (or more or 1888)
should be named. The student can begin at
either end ol the spectruin. but the order Is
important.

ACTIVITY 1.2, As you look through the spectroscope, look
L, g‘m. side of the tube until you see a ralnbow (spectrum} .
rly. Turn the eyeplece without turning the slit until the
m le as wlde as you can make it.

Keep stoady

-sunhght as you can. If you .00k sharply,

le,to see several.
e '
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1-2. The order of the list of colors shouid be Comipare your list of colors with the spectrum photograph

tha same or exactly reversed. The number o: s B N
colors listed, however, may wetl vary. 1t wouid in F 1gur e 1-1

probably be possible ic list a large number ot
P ove. Gepending on the gradaticns. For I [3.2, How do the number and order of your list of colors

stance, in the co'or system davised by Albart . . K )
Munell, there are 20 diHerant coiors, which COInparc with those in the phoiograph (i' lgurc l- 1)’
he calls hues When dagreas ot brightriass

and richness of colot are considered, the
rosu't is 427 different cuvlor samples in the

Figure 1-1
If the photograph looks different from the spectrum you
v g saw in the spectroscope, try the experiment again. If you
- still have trouble, ask your teacher or a classmate for help.

o

ACTIVITY 1-3. Remove the eyeplece and the slit end from the
spectroscope. Experiment with them until you can answer

question 1-3.

: * - yepiace
| 0 @
! ' . 0
Plastic disk Slit

Note: Be careful 1o ke :p your finge
eyepiece.

r off the plastic disk in the

1-3. The plastic disk (diffracton grating) is []1-3. Which causes the spectrum o appear, the plastic disk
the primary cause. Using just the disk, & or the slit? How co you know?

_: L Father broad, faint spectrum is visible when
‘ one looks toward a light source (but not to-
ward the sun). Students may aw0 RO B The plastic disk is called a diffraction grating. Thousands

spectrum formed when light is reflected from . ) i _
of tiny parallel lines have been marked on it. These lines

:=7 . the disk. The same effect can be .oted when
light reflects off an LP record. if you have oné — ¢c4use the light to spread out into the color spectrum you've

handy, you might want to snow this fo them. C : _
Y. you m ceen. This kind of spectrum is called a continuous spectrum
because one color continues right into the next.

Using the spectroscope

nlight carries information about
light can be spread out
from sunlight tell you

Earlier, it was said that su
the sun. Now you've scen that sun
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something about the nature of the sun? Is the sun like other  The classroom may have incandescent lights
. 9 ARG T that the student can observe. It not. use the

sources of light? Perhaps the spectroscope can help you find 450 watt bulb and the recsptacte on a table
out. adjacent to a wall outlet. Try to have it located
. so that daylight will not be observed at the

Somewhere in your classroom your teacher has sct up-a  same time. Likewise. you may have fluores-

: : R, ‘e . cent lighting that can be observed in the
glowing light bulb. Carry your spectroscope to this area and o0 "8 S student may have 1o be sent

use it to look carefully at the light from the bulb. to a kitchen, laboratory, etc.. where a tube Is
located. He should see a continuous spec-

. . . . trum, with several pronounced bright lines

[J1-4. In the space provided in your Record Book, list the  gyperimposed. Most outstanding should be

Dt SRR VoL Sy
<, - L vans .- Bl L

S colors in the order you see them in the spectrum produced  yellow, green, and violet lines.
tf’«' by the bulb. If you find any differences between this spectrum
T

%3
.

and the one produced by sunlight, list them. Look especially

P " for differences in how strongly certain colors show up and
' for any bright or dark lines. - '

ok .

B . [31-5. Next, use your spectroscope to examine the light from
B a fluorescent tube. Once again, list the colors in the spectrum
s i in the order you see them. Also, describe any differences

some bright lines in the fluorescent-tube spectrum that you
didn’t see either in the svn’s spectrum or in the spectrum
from the light bulb. Also, some of the colors may have shown
R up more clearly in one spectrum than another. What do these
d;ﬁ‘erenc.s mean?

»To find out, you'll need to work with a partner. You will ,
$: be using the spectroscope to look at the light given off from

Rheated substances. Therefore, you will need to work in semi-
arkness. If a part of your room cannot te darkened, then

"

String % .

M\fjty 1-4, use the two 10-cm pieces of
R 'thc vemcal wegboard backs to-

1-4 Set up two pegboard backs as shown. Put
plece of pegboard or other nonburnable shield across
pegboards to give more shade

CHAPTER 1 &




Now get the following materials from the supply arca:

3 pieces of nichrome wire, each 10 ¢cm long

! alco,hOl burser Claan baby-food jars or othar Jontanars
3 petri dishes may be used in place of the patn dishes, if
1 spectroscope desired.

1 small container of water

1 eyedropper

3 pieces of masking tape, each 3 cm long

Lithium chloride crystals

- Strontium chloride crysfals

W Sodium chloride crystals

ACTIVITY 1-5. Pull 1 cm of the wick out of the alcohoi burner.

1 A welltrimmed wick should not be black at ihe end. Light
the burner and look at the spectrum of the fiame. (It’s likely
to be very faint.)

(31-6. Compare the spectrum of the alcohol lamp with the
spectrum of sunlight that you looked at ecarlier.

0 O O O O

[]1-7. Did vou see any bright lines in the spectrum of the
alcohol lamp? '
If so, what colors were they?

L AT A AR T

ACTIVITY 1-6. Mix the crystals of lithlum chiorlde with 2 drops
of water in a petrl dish labeled “LI” (lithium). Make a small
loop In one end of a nichrome wire and attach a small plece
of masking tape, also labeled “LI.”

A very smail amoir~t of lithium chionde,
strontium chloride, ai ; sodium chloride is ali
that is necessary. In this and the succeeding
activities. It is most important to avoid con-
tamination of the samples and to keep solu-
tions from getting on the wick of the burner.
The nichrome loops, once made, can be re-
used by othe: students it they are kept with
the respective sampies. Loops may be -
cleaned by rinsing in clean water, dipping in
concentrated HC!, and heating in the flamse
until they show no cotor. You should probably
- test the tap water to see that it gives no ap-
preciable color in the flame. If it does, use
distiiled water with the crystals.

/

J

4
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The spectra from the three chemicals are
faint. Have students hoid the spectroscopes
as close as possible to the fiame,

ACTIVITY 1-7. Dip the loop of nichrome wire into the lithium
chloride solution. While your partner looks at the spectrum
of the alcohol flame, put the loop into the flame. Do not touch
the wick with the loop. Try not to get any chemicals on the
wick. Take turns looking at the spectrum.

; [O1-8. In the space provided in your Record Book, show

~:.-the position of any bright lines you saw in the spectrum.
Coinpare your sketch with the lithium spectrum shown in

* Figure 1-2.

ACTIVITY 1-8. Using a clean dish and a clean wire, repeat
§ Activities 1-6 and 1-7, using strontium chloride crystals. Label
. 2 the dish and wire “Sr.” Again, do not get any of the chemical
% on the wick.

B(11-6. In the space provided in your Record Book, sketch
gany bright lines you saw in the strontium spectrum. Then
: mpare your sketck with the Sr Spectrum in Figure -3,

tl'

) 4“; ‘*}”

! -i.IvIITY 1-9. With a third clean dish and clean wire, repeat
ities 1-6 and 1-7, using sodium chloride (label “Na").

Don't touch
wick with
wire,

Keep wicks well trimmed. if saits get on the
wicks, trim with scissors.

[~ 23N ]

Figure 1-2

You may want to have colored pencils or
crayons available so that students can show
the spectral hnes in color. Some linas ara
especially difticult to see Encourage students
to try hard but not to spend the whole period
searching for a line.

Figure 1-4
CHAPTER 1t 7




X You' might want to ask students how they
. could be sure that the bright lines were due

to the lithium, strontium, or sodium, and not

"4 the chioride, You could have a sampie of
- " sodlum carbonate (washing soda) or sodium
.. bloarbonate (baking soda) that they could try

. In the flame with a clean wire. They wiil see

the bright sodium lines. incidentally, students
wiil probably show & single yeiiow line for the

e e T v e P o b G S TS e

The spectrum of an element heated in a fairly colorless

flame is just a few bright lines. This type of spectrum is called

a bright-line spectrum. Each element produces a definite set
of bright lines. Scientists have found that they can identify
an element by its bright lines as surely as they can identify
you by your fingerprints. The bright lines you saw earlier

in the fluorescent-tube spectrum were due to the gases in

¢ . eodium spectrum. This is as It shouid be.
; the tube (mostly mercury vapor).

~ - There are actually two bright iines, but they
*" are 80 close togather that the simple spectro-

pr e pre—— s

. 86Q0pe cannot resolve them,

" Problem Break 1-1 calis for the student to

identity substances from the spectra they pro-
duce. A suggested procedure Is as follows:

Use three separate;, clean petri dishes or
baby-food jars. in the first. make a solution of
a mixture of sodium chloride and lithium
chioride; in the second, use a mixture of so-
dium chioride and strontium chioride; in the
third, use strontium chioride and lithium chio-
ride. Have a Clean wire with each, and num-
ber the containers and the wires 1, 2, and 3.

, Be'sure to keep track of your mixtures by

number, o that when a student checks his
prediction with you, teliing the number he
used, you can match them up. It might be wise
to prepare containers of the three mixtures
and put out only a small amount at a time.
This would heip guard against cantamination.

.\-

CHAPTER 1

From time to time in this unit, you will be asked to do .
“problem breaks.” These are problems for you to solve,
without much help from your book or from your teacher. -
The problems will usually help you understand what you
are studying in the chapter. But that’s not their major pur-
pose. They are designed to give you practice in problem
solving, and in sctting up your own experiments. You should
try every problem break—even the tough ones. And in most
cases you should have youy teacher approve your plan before -
trying it. The first problem break in this unit is coming up
next.

PROBLEM BREAK 1-1

Now here’s some detective work for you. Your teacher has
prepared a solution of one, two, or three of the substances
you just tested (sodium chloride, lithium chioride, and stron-
tium chloride). Your job is te find out which substance or
substances was used.

[71-11. In the space provided in your Record Book, show
the position of any br-ght lines you identify.

[J1-12. Compare the sketch you made with the sketches you
made in answer to questions 1-8, 1-9, and 1-10. What sub-
stance or substances do you predict are in the unknown
solution?

Check your prediction with your teacher.

Astronomers use spectroscopes to identify the elements in
the stars. In fact, the spectral lines of the element helium
were first observed in sunlight. When the substance that

roduced these lines was finally found on the earth, it was
named helium (from the Greek word helios, meaning “sun”).




The spectrum of helium is shown in Figure 1-5. You should
_, notice a peculiar difference in this spectrum when it is com-
'+’ pared to others you have observed.

* Perhaps you would like to learn more about the kind of

"" pectrum shown in Figure 1-5. You can find out how they

2,

a,!?

gwere discovered and how to see one yourself by doing Ex-
jcursion 1-1.

g Bright lines and dark lmes in spectra can tell astronomers
a great deal about the composition of stars and planets.
jMost of what we know about the sun and its atmosphere is

a:direct result of information from spectra.
B In Chapter 2 you will see how to take the first step in
measuring the amount of energy released by the sun. For-
tunately. l.you won't have to go there to do it.
Pty

going on, do §ell-Evaluatlon 1 In your Record Book.

Figure 1-§

Y EXCURSION

Excurslon 1-1 Is concerned with a different
kind of spectrum—one of absorption or dark
lines. It is fairly difficult and exacting.

GET IT READY NOW FOR CHAPTER 2

You will need 6-cm x 3-cm copper strips.
These should he cut from .ne 30-cm x 30-cm
copper sheets that are suppt.«d. Each sheet
will yield 50 strips. Probably ene cheet will
suffice, as the strips can be reused by other
studants once they are ¢t to size. You will
need to make provisions for axtension cords
from the wall outlets if power is not available
at the student stations. Students will be using
5 or more raceptacles with various wattage
bulbs for extended times in the chapter. De-
pending on how widely spread your students
are, you might want to consider procuring
additional receptacles .0 augment the 5 that
are furnished. Any screw-type socket recep-
tacle that will hold a light bulb upright can be
used. You will need paper clips and matches,
which must be supplied locally.

‘1
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1 60-watt buib

1 §0-watt bulb

1 meterstick

1 pegboard back

~ EQUIPMENT LIST
Per student team

1 copper strip, 6 cm x 3 ¢cm
1 Celsius thermometer

1 paper clip Per class
* 1 sncke - teptacle

1 150-watt bulb (P:f:;: :f dowel -
N 2 100-watt bulbs Maichas

verybody knows that the sun gives off lots of energy. In
% fact, you may have heard that all energy on the earth comes,
i in one way or another, from the sun. But what does it mean
Rto say “lots of energy”? How much is “lots”? That is the
Fproblem for this chapter—to get an idea of how much energy
dthe sun gives off.

F:To be sure you are ready to begin the next activity, you
Enced to know some things about energy. The following
icheckup will help you find out whether you are ready to go
ead. Vo : .

Rlacs, D% -

Il

i

CHAPTER EMPHASIS

Using a simple radiant-energy measuret, the
student determines th:e variables that affect
the readings, and compares the energy re-
ceived from the sun with that from an incan-
descent bulb at a particular distance.

Chapter 2

MAJOR POINTS

1. A solar-energy measurer (pyrhellometer)
can be constructed.

2. Temperature change can be used as a
measure of radiant energy received.

3. The temperature change of the solar-
snergy measurer varies with time, up to a
certain point.

4. The amount of energy received varles with
the wattage (energy per second) of the bulb.
5. The amourt of energy received varies with
the distance between the source and the
solar-energy measurer.

6. In order for the energy received by the
solar-energy measurar to remain constant.
the radiant energy of a source must Increase
at a greater rate than the distance from the
source increases.

7. It Is possibie to determine the distance
from the solar-energy measurer that a at
bulb must be in order to cause th e
temperature change that the sun causes.
8. To measure the energy given off by the
sun, it is necessary to know the distance tc
the sun.

This chapter might be considered the most
important one in the unit. Using simple appa-
ratus that the students construct themselves.
a very realistic measurement can be made:
that will iead to finding the power of the sun
in a later chapter. Its compietion depends only
on a measurement of the distance to the sun.
which is made in Chapter 4. Those who are
well-versed in physics may object to the ap-
parent discrepancy in usage of terms. Energy
is measured in joules (or newton-meters.
wrereas the walt is a measure of power in
joules per second. Time, theretors, is the fac
tor connecting the two terms. Experience ha:
shown that the disparity presents no serlou:
problems for the students, however, and the
matter 1 resolved in a later chapter. Incidan-
tally, you probably wiil want to have 2 or i
students working together on the activitias

11
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“* Checkup. In order to understand the purpose CHECKUP

"* . of this chapter, the student needs an elemen-
ll tary concept of energy. Those who did not In your Record Book, place a check mark in front of each
- participate in Leveis | or 1! of ISCS, or who o’ h 'S h f f
have forgotten, will profit from doing Excur- correct answer. There may be more than one correct answer
sion 2-1, & review of the energy concept. This  per queszion.
checkup Is the mechanism for getting them "~ .
.~ Into the excursion. You may want to check 1. W i i
' .. ~answers to the four questions, to see that ork is 2. A measure of energy 15
>+~ thoss who need heip are getting It. & force a. force.
Nt b. distance. b. force X distance.
DR A o c. force % distance. . C. speed X time.
¢k R . d. speed X time. d. work.
. B | 3. Energy can 4. Energy is always
_ i - a. exist only in the a. conserved.
i . form of heat. b. destroyed.
A v . . .
PN b. exist in more than cC needed to over-
. one form. come forces.
- ¢. be transferred d. a measure of the
' from one system time needed to
to another. do work.
d. cause changes in
matter.
. 'EXCURSION ’ Check your answers on page 77 of Excursion 2-1.
. To begin making a sun-energy indicator, you will need
these things:
< ~
In the Interest of economy, you will probably 1 strip of copper, 6 cm X 3cm
want to have the copper strips precut instead :
, of having each student cut one. Note that the 1 C.elsms Fhermometer _
i piece of dowel, candle, and matches are 1 piece of dowel, the same diameter as the thermometer
-1 “classroom® items, and can be kept on the bulb
supply table to be used only when needed.
1 candle
Matches
Paper clip

¢

It reasonable care is taken In bending the ACTIVITY 2-1. Pinch the strip of copper tightly around the

copper, not only will It fit tightly around the
. thermometer buib, thus transfering maximum dowel as shown.
“* heat to the bulb, but it also wiil be reusable

by other students.

Copper
strip

12 CHAPTER 2
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ACTIVITY 2-2. Bend the ends of the copper back flat.

As you know, that part of the sun’s energy that reaches
the earth is in the form of light. A large portion of this light

.. energy changes to heat energy when it reaches the earth’s

atmosphere and surface. This heating effect is what causes

¢ objects put in sunlight to get hotter. How much the tempera-

ture of.an object increases depends on

1. how big the object is,

2. how well it absorbs heat,

3. how quickly it conducts heat, and
4. how long it is heated.

Each of these factors affects how much change in temperature
will be observed when the object is placed in the sun.

All of this means that you can get an idea of how much
heat is absorbed by an object by measuring its temperature
before and after placing it in the light. All you need is an
object to be heated, and a thermometer.

ACTIVITY 2.3. Slide the copper strip from the dowel and under
the bulb of the thermometer. Gently pinch it around the bulb.

Use care so as not to break the thermometer. 7\

How much the temperature of an object in-
creases also depends on its spesific heat, but
this factor is not vital to the experiments in
the chapter, as long as it is aliowed to heat
to its equilibnum temperature.

.

RO

By now, you've probably figured out how your sun-cnergy
indicator will work.

[(J2-1. What do you predict will happen to the copper strip
if it is placed in sunlight?

J2-2. What is the purpose of the thermometer?

Now let’s test the energy indicator you've built,

It

2-1and 2-2 The copper stnp should increase
in temperature  Th.: theimometer shouid
measure the increass {(Note, however, that
the tharmometer does not measure the heat
content of the copper, but only one tactor of
it

CHAPTER 2 13




The reason that it should not rest on any

- surface is that heat could be conducted to or

.
DS

from it more readily, as well as being refiected
to it. Of equal Importance, however, Is pro-
tecting it trom the wing or from drafts.

Shade

2.3. It should show a temperature increase of
up to 4°C in sunlight.

ACTIVITY 2-4. Hoid the instrument in the shade for a couple
of minutes. Then move it into the sun for a few more minutes.
Do not rest it on anY gurfaco.

3\ '
hd Sunlight

[]2-3. Was the thermometer readiag in the shade different
from that in the sun? (If so, how much?)

If the thermometer didn’t show a temperature change,
something is wrong. The copper strip should have absorbed
enough energy to affect the thermometer. If it didn’t, check
Activities 2-1, 2-2, and 2-3 to be sure that you put the instru-
ment together correctly.

You should make one improvement in your sun-cnergy
indicator before you use it. You probably noticed that the
temperature change was slow in occurring, The amount of
temperature change was probably rather small, too. It would
help matters if the copper absorbed energy more quickly than
it does.

Copper is a shiny metal. This means that it reflects some
light. If you could cut down its shininess, the copper would
convert more light energy to heat.

[]2-4. What could you do to the copper to make it absorb
more of the sun’s energy?

ACTIVITY 2-5. Slide the copper strip off the thermometer.
insert a pencil or dowel in the bend of the strip. Hold the
copper over a lighted candle. Try to cover the fiat surface
evenly with soot from the candle. Warning Do not hoid the
thermometer over the candle, as It will get hot and break. It
you get wax on the strip, you must clean It and start again.

Carbon biack is preferred to black paint be-
cause it tends to be a better absorber and
conductor of heat energy. it can be messy.
however. and students may have to be warned
about keeping their fingers out of the soot.




ACTIVITY 2-8. L»t th&'coppor strip cool. Then, holding it by
the unhlackened loop, attach it to the thermometer as before.

Test your instrument in a sunny spot.
[J2-5. At room temperature, what temperature does the

sun-energy indi.ator show?

(J2-6. What temperature does the instrument show after
-being in direct sunlight for a few minutes? .

: 02-7. By how many degrees did the temperature change?

~....Remove the sun-energy indicator from the sunlight and
¢ let it return to room temperature.

. E]2-8 Why do you think copper was 4 good choice of metal?

With this instrument you should be able to get an idea
of how much energy is received by the copper strip from
' the sun in a given amount of time.

+* By now you may be seeing some problems in using the
s sun-energy indicator. Suppose, for example, you got a read-
\ing in the sun 20° higher than in the shade. This would tell
you that the copper strip had absorbed energy. But it would
certainly not tell you how much total energy the sun give.
Eoff. To learn that, you would need to know several other
_ thmgs The next activities will help you find out what they

* re, Pick up a pegboard and a paper clip.

ACTIVIW 2-7. Hang the sun-energy Indicator in an upright
nlon as shown. You can make a hanger from a paper clip.

2-8. Probably the most important reason is
that copper is a good conductor of heat. Also,
from a practicai standpoint, it is easily shaped
{malleable).

In making readings of temperature change
with the pvrheliometer throughout the chap-
ter, be sure that students measure the change
under constant conditions. For example, it the
amount of change in suniight is made outside,
than the beginning temperature should also
be read outsid«. If the change is to be meas-
ured indoors as on a window ledge, with
sunlight coming through the glass), then the
beginning temperature should be that of the
room,

In this activity and the onss that follow, the

books may be placed at the other end of the
pegboard, away from the instrument.

CHAPTER 2 15
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Carry the stand with the attached instrument to where your

teacher has set up a series of light bulbs.
You will use these bulbs as a light source. They will rep-

4 resent the sun.

ACTIVITY 2-8. Place the pegboard so that the blackened sur-
face of the copper strip is 20 cm from the center of one 150-watt

bulb in the parallel circuit.

] X
] -
\ ol Have students adjust the height of the pyrheli-
= T : | onig-g ometer so that the copper strip is on the same
%ﬁ‘ SRS g o horizontal leval as the center of the light bulb.
873 .

Record the temperature of the thermometer in Table 2-1
of your Record Book. Then turn on the iamp. Every 30
seconds, record the thermometer reading. Complete the table
by calculating what the total temperature change has been
R up to each of the times indicated (new temperature minus
the temperature at 0.0 time).

v ot sa et L PR -

47

Table 2-1_ &E‘" g VI S TS
ﬁ; <

8 RS e %,&,“"W BN D T .

: ot 34 e Time KR g0 .;‘,f},‘j;""l"_elmperature_'__.l'ff-f . Temperawre =~

. " The students are determining the equilibrium BT (minutes) T | T (°C) " AR Change (°C) ,:

temperature of the strip and the time required X4, e . — ‘}

: to reach it. Thus time Iis one of the variables 52 00 A cad : . Cot -
' asked for in quastion 2-11 on the next page. ; — - _

Other variables named might be size (watt- B’ s ¢ ’ "

age) of the bulb, distance to light source, E&¥= S olper Y I

i " angle at which light strikes the strip, and size jgi AP -

. of the strip. . v

. EaE L o5

; B

) N ,'i
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Graph your results on the grid of, Figure 2-1 in your
Record Book. Use the data from.the Total Temperature
s Change column and from the Time' column.

y

Figure 2-1

20 25 - 3.0 35
Time (in minutes)

2-9 According to your graph how many minutes passed
fore the temperature stopped rising?

3 2-10. Why do you think the, temperature stopped increas-

the sun-energy indicator away from the light so that
cool 0 room temperature.

2‘11. List at least three vanables that you think might have
d how much temperath\re change you observed.

,6'(-_

2 on  should now investigate Beveffects of different amounts
Ehlght energy on the sun-er . 4y indicator. You can use light

““- g of different sizes. Be sure to keep other variables, such

vy

: and dmance, constant.

. 28, Set up the sun-energy indicator and light
a8 shown. Use & §0-watt bulb and wait until the tem-
mt.hes its maximum reading (about § minutes).
’d‘n oﬂglnal and maximum temperature readings in

4.0 4.5 5.0

2-9. Most probable answer 1s 3 to 3} minutes.

2-10. Equilibnium temperature was reached
when the amount of heat lost by the strip
equaled the amount of heat gained. This s a
good concept to be acquired.




a¥

ACTIVITY 2-10. Aliow the thermometer to return to room tem-
perature. Repeat Activity 2-9, using a 100-watt bulb. Record

' : the data in Table 2-2.
g B
The point does not have to be made with the
| 1 student but, correctly stated, the watt number
A on the bulb tells how much energy it proauces
T { . per second.
N ’\° | o % .ﬁ"‘" R
ol ¢ ,;}*}‘ Use data from the 0.0 anid 5.0 lines of Table 2-1 on page
#"" 16 to fill in the spaces in Table 2-2 for the 150-watt bulb.
Table 2-2
7 G Ty g ¥
VY] oo e — — T - : H
AR} A O ,?"o"-Ongmal L1 Maximum Temperature ' % .
R & _?ﬁ. 33, T . . ndl
1% “Bulb ™ | ¥ “Temperature Temperature Change .3
bogr e Gow 'k | ity e [ " :
? ¥ 00w ¥ | Ky sty L [T X A :
O e b
ottt 150w ?,. »bﬁwiﬁ.w P :
The watt number on a bulb tells you how much energy
it produces. The greater the wattage, the greater the energy
produced.
{7)2-12. Which of the following bulbs produces the most light
energy. 150W, 60W, or 100W?
Complete 1 .¢ last column in Table 2-2. and graph your
results in Figure 2-2 of your Record Book.
. Figure 2-2 20
o
Figure 2-2. The graph should be a straight ~ 16
line. Of course, it should pass through the ©
0,0 polnt (no wattage. no temperature 12
change) and show about 5°C at 60W, 8 C at G
100W, and 12°C at 150W, g
s 8
&
§ 4
'—
o L1 1 | i 1 | i I
20 40 60 a0 100 120 140 160
«- 18 CHAPTER 2 Wattage
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; ".j g (2-13. What happened to the temperature change as the
- |.a wattage (amount of energy) of the bulb increased?

a"! - (J2-14. Look at your graph in Figure 2-2. Predict the amount
6. A of temperature change you would have recorded if you had
f” ij £ used a 50-watt bulb.

" ‘ g _‘ [(J2-15. Suppose the- 50-watt bulb had been placed 40 cm
S T from the strip instead of 20 cm. Predict how this would have
%: affected the amount of temperature change.

s PROBLEM BREAK 2.1

B3

Get a 50-watt bulb and test your predictions for questions
2-14 and 2-15. How much does the reading of the sun-energy

£ ‘measurer change when you double the distance between it
5 ] and a light source? Suppose you tripled the initial 20-cm
o | distance. Would the temperature reading decrease to one
s‘;'f & Ly third of what it was at 20 cm?

IO In your Record Book, describe an experiment you could
o AT do to study the relationship between distance and tempera-
3 ¥ .

ture change. Have your teacher approve your design before
doing the experiment. Record your data in your Record Book
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SN 2%3:._-_... in the form of a graph with at least eight data points.
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% %’ [J2-16. In your experiment, why should you keep the watt-
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age of the light source constant at 50 watts?
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Now let’s return to the problem that started this chapter.
Let's try to use your sun-energy indicator to find out how
much energy the sun is giving off.
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ACTIVITY 2-11. Hold the sun-energy indicator in a sunny spot.
Leave it there until the thermometsr reading stops going up.

2-14. The prediction should be about 4°C for
a 50-watt bulb.

2-15, The student shoutd be able to predict
a decrease in the amount of temperature
change. At this time he cannot reasonably be
expecled to know how great the decrease will
be.

Problem Break 2-1. This is the most inportant
pcint of the chapter. The information that the
student gets from the graph provides the an-
swer o question 2-18 on the next page. This
answer in turn is the starling point for tiguring
the powsr of the sun in Chapter 7. Check
student work carefully. Extra time here will be
well spent. The eight data points can be
gotten by spacing the center of the bulb at
5-cm intervals, starting ot a uoint 5 cm from
the strip.

See the Teacher's Edition of the Record
Book for a sample grapt. for Problem Break
2-1. The student graph should look similar to .
that. Using the answer to question 2-17 on the
vertical ax:s, the stirdent can read the answer
for question 2-18 on the hiorizontal axis. This
1s a graph of an inverse-square relationship,

19
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50-watt bulb

[(]2-17. How much temperature change did the sun-energy
indicator show?

Now look at your graph from Problem Break 2-1.

[2-18. At what distance from a 50-watt bulb must the indi-
cator be placed to show the same temperature as it did in
direct sunlight?

Test your answer to question 2-18 by placing the sun-energy
indicator at the distance you gave.

You know that the sun gives off a lot more encrgy than
a 50-watt bulb. But because it’s so far from the earth, the
energy that reaches the copper strip from the sun is no greater
than that from the much cioser bulb. The distance an object
is from the light source has a great effect on the amount
of energy received by the object. Therefore. when calculating
the energy produced by the sun, its distance must be an
important factor.

An accurate measure of the sun’s energy must include its
distance from the earth. In a later investigation you will
measure that distance. For now, you can only get an idea
of how great is the sun's total energy output. To do this, you
will need to take your sun-energy measurer over (o the area

where the bulbs in parallel circuits are located.

- ACTIVITY 2-12. Set up your apparatus as shown. After 5

minutes, note the temperature.

[]2-19. Record the highest temperature reading from the
50-watt bulb at 20 cm.

There should be a temperature change of
about 4°C with a 50-watt bulb at 20-cm dis-
tance. Whatever the room temperature, the
highest temperature reading for question 2-19
should be about 4°C higher.

[
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ACTIVITY 2-13. Remove the 50-watt bulb and move the socket
40 cm from the sun-energy measurer.

Your problem is to place in the sockets a bulb or bulbs
that will produce the same maximum temperature change
that you found in Activity 2-12.

mz-zo. What wattage (energy) bulb or bulbs do you predxct
wxll produce this reading?

Add bulbs to the sockets until you find one, or a combi-
_ nation, that produces roughly the reading you are looking
for. Be sure that the bulbs are 40 cm from the sun-energy
measurer. '

[j2-21. How many 50-watt bulbs would you need at 40 cm
to give the same temperature reading that one 50-watt bulb
gave at 20 cm?

[J2-22. Suppose you moved the sockets to 80 cm. How many
50-watt bulbs would you have to use to produce the same
reading as one 50-watt bulb at 20 cm?

Now think how many 50-watt bulbs you would need if
you moved the socket out a mile from the energy indicator.
You'd have to have a tremendously large source of energy
to give the same reading. -

The sun is many, many miles from the earth. With what
you know now, you can be sure that the sun is giving off
a tremendous amount of energy. To give a good estimate
of how much, you will need to know how mahy miles away
the sun is. That is the subject of the next chapter—the way
to measure the distance from the earth to the sun.

2-20. This is a difficult question, but it the
student has done carefui work and can read
the graph, doubling the distance will cause }
as much temperature change. Therefore, to
get the same temperature change. there must
be 4 times the wattage. The answer would
thus be 200 watts. This should check out for
question 2-21 (four 50-watt bulbs), and in
question 2-22 it would require 4 times as
many again, or sixteen 50-watt bulbs.

GET IT READY NOW FOR CHAPTER 3

The range finders should be assembled. You
will need manila folders or large pieces ct
cardboard taped in place on the range find-
ers. The students will also need white unlined
paper. You will also have to set up a sighting
range. See the teacher notes in Chapter 3 for

directions.

AR Betore going on, do Self-Evaluation 2 in your Record Book. CHAPTER 2 21
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EQUIPMENT LIST CHAPTER EMPHASIS

Por student-team The student investigates the use of a simpie

range finder for measuring distances, and
1 range finder (assembled, with manila folder detg,mms some of the vgarlables and the

taped to pegboard) .
1 sheet of white unlined paper . limitations of the instrument.

'Far-Qut Sun Chaptér 3

Excursion 3-1 Is keyed to this chapter.

MAJOR POINTS

1. The range finder operates on the principle
of angles and trtangles.

2. A range finder can be calibrated by sight-
ing objacts at known distances.

3. As the distance to the object decreases,
the angle between the sighting bar and the

Measuring the distance to the sun may seem like an impossi-  sighting line increases.

: : ’ 4. Asthe distance to the object increases, the
ble J°b to you. More than hkely' youve always used a ruler sighting marks get closer and closer together.

or meterstick to measure distances, but such a device won’t 5. The range finder loses its usefuiness be-

. : yond about 15 meters.
work for.measuring the distar.ce to the sun. 6. The length of.the range finder's base line

Actually, the problem won’t be as difficult as you may s a iimiting factor In the distance that can be
think. In many ways, you'’re in the same boat es a hunter—or ~ Measured.

. . 7. In its present form the range finder is use-

a photographer—who wants to know the distance to an ani-  jess in measuring large distances. such as the

mal. If he tries to use a ruler or tape measure, he won’t get ~ distance to the sun,
8. Another miting factor of he range finder

many shots. _ is its inability to measure the sighting angle
Both camera and rifie manufacturers have solved the gci;:rately- ‘ X

. . . §Jsing any terrestrial distar.cs the base
problgm in the same way. Many guns and cameras include _inh is st 100 short to give accurate angle
a device called a range finder. In using a range finder, 3- ~“measurements by the range-finder methoa.
person looks at an object from two different angles. The
device cvaluates the distance to the object from the size of
the angles formed. (See Figure 3-1.)

Figure 3-1
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« The range finders should be assembled with
- the manlia folder or cardboard In place. The
- white paper shouid not be added until Activity
. 34, however.

It is important for the students to discover the

usefulness and the limitations of the Instru-

ment themselves. Resist the temptation to

legisiate the distances and uses during this
- trial period.

You can use a simple homemade range finder that wi!’
help you measure the aistance to the sun. Get one from the
supply area.

ACTIVITY 3-1. Look the rhnge finder over carefully. Note par-
ticularly the labeled parts. Draw and label the sighting line
and base line on your range finder if this has not been done.

A}
‘

.

Sighting line

Sighting bar
/

A

\

"
’ s

Ty §y v vV ve

T
Baseiing

in using the range finder, a student should
keep his sighting eye well back from the bolt.
If he moves too close, the nearer bolt com-
pletely biocks the sight on the farther boit.

‘24 CHAPTER 3
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Before you try to measure the distance to the sun with
the range finder, you should learn how it works. Pick out
an object to look at on the other side of your classroom.

ACTIVITY 3-2. Place the range fincer on a ‘lat surface and
line up the sighting line with the object. Without moving the
pegboard, adjust the sighting bar until it L.nes up with the
object. When you are finished, both the sighting line and
sighting bar should be lined up with the object.
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ACTIVITY 3-3. Move the range finder along the sighting line
untii it is several feet closer to the object. Don’t change the
position of the sighting bar.
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[J3-1. Does the sighting bar still line up with the object after Lot
‘the range finder is moved? If not, what would you have to v
. . ] Closer
do to line it up? T object
]
[J3-2. Suppose you were to move the range finder even i Andle
closer to the object along the sighting line. Predict what you ; ¢
would have to do to align the sighting bar. e W |
= 1v
R
Perhaps you are beginning to undeistand the principle upon 10
which the range finder works. As the device is moved closer B! VY
to =n object, the angle between the sighting bar and the ! \‘ !
4 . i ' !
sighting line changes. by
Lt Close
[13-3. Suppcse the distance from the range finder to an \ 1 object
object increases. In what way do you predict the angle be- v
. . . . . . —i. Angle
tween the sighting line and sighting bar will change? ¥
|
I \ "»"

23

Test your prediction in question 3-3 by doing the next
activity.

Your teacher has chosen an object in your room and placed
marks on the floor at distances from it of 1, 2, 3, 4, 5, 10,

and 15 meters.

15




Note that for the cailbration of the range
finder, beginning with Activity 3-4, you will
need a sighting range set up somewhere in
the room, with distances of 1,2,3,4,5,10, and
15 meters marked from some object to be
sighted. The 15-meter distance (49 feet) is
a little large for the average classroom. You
may have to stop at a shorter distance, ar you
might be able to set up the range ina corridor.
In the classroom, an excellent sighting object
could be a distinct chaik mark on the front
chalkboard.

ACTIVITY 34. With small pieces of tape, attach a sheet of
white paper to the range finder as shown. Place the tip of
a pencll Into the groove at the end of the sighting bar. Turn
the bar to draw part of a circle.

Sheet of/ white paper

ACTVITY 3-5. Place the range finder so that the sighting line
rear boit Is at the 1-m mark on the floor. Line up the sighting
line, and then the sighting bar, with the object. When you are

" sure the position of the bar is correct, make a mark on tho

clrcle as shown, and label the mark “1."”

fron

The marks and the labeling for 5, 10, and 15
meters will be relatively close together. The
numbers will have to be small, and a sharp
pencli should be used for makiny he marks.

26 CHAPTER 3

ACTIVITY 3-6. Repeat Activity 3-5 for distances of 2m, 3m,
4m, 5m, 10m, and 15m. When your scale is complete, it should
appear similar to that shown. Label each mark.

Sighting line

—— Parallel sighting line

- s o = o T\ s = o

|
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~“Practice using your range firder to measure the distance
to objects not more than 15m away. Check your measure-

el "~ like the distance to the sun. See if it will, a

3-4. In guestion 3-3, tha student snould have
predicted that as the distance gets greater the
angle gets smalier. Whatever was predicted,
however, the student should now clearly see
this important relationship. The decreasing
size of the angle and the resulting difficulty
of accurate measurement become the limiting
tactor In the use of the instrument,

Figure 3-2

3-6 This 18 a good item to check the stu-
dent's understanding of the activities. A vari-
ely ol answers are possible. Hopetully. the
student will discover that the motion of the
sighting bar 1s so small that httie difference
can be seen in the two measurements This
1$ Just another way of saying that the sighting
angte 1s getting too small to measure accu-
rately with the instrument.

CHAPTER 3 27

i, ments with a meterstick. If the are inaccurate by more than
i jm, repeat Activities 3-4, 3-5, and 3-6. :
5{‘3‘ [13-4. Was your prediction in questiou 3-3 correct? As the
oo AN distance to an objsct becomes greater, what happens to the
A [ angle formed by tae sighting bar and the parallel sighting
A %f 3 line shown in Figure 3-2?
ji'i"..‘:‘. ;,;u: . . . -
A
EN = ‘
P Paralle! sighting fine
*, ‘ Ve ' (parallef to the
g« : sighting line)
e -
LR
ol -
- B — = m— L
':x R Sighting bar
Yoo kR : : : :
o ?ﬁ [(J3-5. Suppose you lined up the sighting line and the sight-
L £ ing bar of the range finder in Figure 3-2 on an object a long
4 g ~ way .ff (like a distant tree). Would you expect the angle
. WR  between the sighting bar and the narallel sighting line to be
i ; %’ large or small?
iy Biyn
Check your prediction by using your own range finder.
T (Draw a parallel sighting line on your range finder if it will
g; b help you.)
SRR Select two very distant objects, one of which is farther away
o b than the other—a distant tree and building perhaps. Use the
f ?f}f range finder to decide which of the objects is farther away.
¥ []3-8. Describe any problems you had in deciding which
. ARE object was farther away.
3 Well, by now you should have a good understanding of
- . how to use the range finder. It seems to work fine on short
AE distances but not so well for distances beyond about 15 m,
& 3 This may limit its usefulness for measuring great distance
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- IMPORTANT: Do not allow the students to
* slght on tha sun directly. Even though. there

'1_ - . is a safety note to the student, a parsonal

“bword from you might be in order.

se—— R

Safety Note Because of the dunger of looking at the sun
directly, you must change slightly your method of sighting.

Instead of lining up bolis, you will try to line up the shadows
the bolts cast.

ACTIVITY 3-7. Set the range finder in a patch of sunlight so

that the shadow from the front bolt falls directly along the
sighting line.

ACTIVITY 3-8. Without moving the pegboard, move the sight-

ing bar until the shadov: from Its front bolt falls directly along
the bar.

Shadow —+¢

.
*
¢
(4
L4
+
L3

©3-7. it Is t00 far away to measure with the
range finder. Actually, the sighting bar shouid
be parallel to the sighting line. The angle
between two parallel lines (it there is such a
thing) is 0°. The angle has simply become too
small to measure.

CHAPTER 3

(13-7. From the position of the sighting bar on your scale,
what can you say about the distance to the sun?

Clearly, you have a problem. There scems to be a limit
to the distance you can measure accurately with your range
finder.

One variable that limits the distance that can be measured
is the length of the range finder’s base line.




[1)3-8. Suppose you lengthened the base line. How would
this affect the greatest distance you can measure with your
range finder?

The prediction In question 3-8 shouid have
been that lengthening the base line would
increhse the greatest distance that could be
measured. Actually, the increase would be
proportional to the increase in the base line,
bacause the size of the sighting angle is the
critical thing, and the tangent of the angle is
equal to the base line divided by the distance
to the object. Thus, for a glven angle, an
Increase in one factor would make & propor-
tional incraase in the other. An experimert to
test this prediction snight involve shifting the

PROBLEM BREAK 3-1

Design an experiment to test the prediction you made in
question 3-8. In your Record Book, describe what you would
do and what measurements you would make. Check with
your teacher and then do the experiment. Record your results
and conclusions.

Base line

]

!

!

]

I
—7[:::::.:77'1-'
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From your experiments, it should be clear that two varia-
bles limit the greatest distances that can be measured by your
range findgr. The first is the length of the base line. The
second is the size of the smallest measurable angle between
the sighting bar and the parallel sighting line (the sighting
angle).

[13-9. In Figure 3-3, how would increasing the base line
affect the size of the angle between the two sighting lines?

O-

Q

R
4""
-
-
-
-
’/

gighting bar on the range finder go that the
base-line Is longer. With the existing con-
tiguration, 1t would be possible to shift the bar
so that the base line is twice as long. Meas-
urements could then be made of the effect on
the spacing of the marks on the scale. Wider
spacing (greater angular change) wouid be &
good Indicator of greater distance potential.

Figure 3-3

Object

-

3-9. For a given distance to the object. an
Increase in the length of the pase ilne in-
creases the size of the angle.

CHAPTER 3 29
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3-10. The angle would increase. For smail
angles (which these are) the increase would

be proportional to the Increase in the base
line.

With two observatories about 2,000 miles

. tpart,’ angte formed by a point source on

the s us shown in Figure 3-4. would be
. &bout + . Four gseconds is ciose to {4, of a
degree. Of course, the sun Is not ~ point

™ source but, rather, a flaming ball about

865,000 milles in diameter,

30 CHAPTER 3

Astronomers could make sightings from two observatories
that are hundreds or even thousands of miles apart. Figure
3-4 shows how this can be done.

(]3-10. If you switched from a simple range finder to the

system shown in Figure 3-4, what effect would this change
have on the angle?

Figure 3-4

Modern instruments can measure angles of less than
171000 of a degree. To increase the base line, sightings of
the sun can be made from widely spaced observatories, But
even then, the angle turns out to be too small to measure
accurately. Unfortunately, the range finder just can’t do the
job. You must find some other way to measure the distance
to the sun. In the next chapter, you will search for a new
approach to the problem. '

Meanwhile, you might like to know that the distance to
the moon has been measured by the range-finder method.




The average distance to the moon is about 240,000 miles. Excursion 3-1 is of general Interest. As It re-
quires a full moon, which will not be In the

Knowing the distance to the moon makes it simple to find gy during school hours, it shouid be done at

the size (diameter) of the moon, homs. And it need not take a great deal of
If you would like to measure the diameter of the moon,, "™

Excurslon 3-1 will show you a method that is simple. All ‘:ﬁ(ﬁl IRSION |

Py e UG
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s you need is a full moon, some time to sit still, and a watch.
i oy ,
Y Before going on, do Seif-Evaluation 3 in your Record Book.
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B8 + GET IT READY NOW FOP CHAPTER 4
e ) .8 No new equipment need be prepared. The
Ty -~ T activities call for students to use 3 beans or
R - Dl ME ER other small objects on which to sight. Many
3 B ' ditferent things cou!d be used. Large-headed
" PR \ . jt roofing nails stand up wali; thumbtacks wouid
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EQUIPMENT LIST
Per student-team

1 protractor

1 drawing compass

3 beans (or other small objects) N
1 metric ruler .

Measuring th

CHAPTER EMPHASIS

Starting with :he distance from Earth to Venus
as a base line the range-finder method can
be used to finy the distance to the sunr.

Chapter 4

Distance to the Sun—
Another Approach

Excursions 4-1, 4.2, 4-3, and 4-4 are keyed
_ to this chapter.

Some years ago, scientists discovered an interesting way to
locate objects at a distance—the use of radar. Using radar,

Excursion 4-1 is a short general-interest ex-
ercise requiring no equipment. l1 is titled
*What's Radar?'' and affords some practice
in measuring distances by radio waves.

MAJOR POINTS
1. The sun is the center of the solar system.

they could get good measurements of the distance t0 the 2 vanus and Earth are planets in the solar
moon and to some of the planets. They found, for example,  rystem and move in nearly circular orbits in

the same plane around the sun.

that the pla.ne.t Ven}ls, when closest to tl'.ne planet Ijiarth, 15 3 The Venus orbit is within the Earth orbit.
about 26 million miles away. If you are interested in more 4. The angular speed of Venus is greater than

information about using radar to measure distances, sce Ex-

cursion 4-1.

The measurement of the distance to Venus has proved to

that of Earth; theretore, \'enus and Earth are
constantly changing relative positions.

5. The angle between the lines of sight to two
bodies is called the sighting angle.

6. The largest angle between the Earth-Venus

be useful. This distance can be used in determining how far  tine and the Earth-sun line occurs when the
the sun is from Earth. Let’s see how. Earth-Venus line just touches the orbit of Ve-

nus.
7. Using the largest sighting angle, the orbit

of Venus and the orbit of Earth can be drawn
to scale.

8. Knowing the minimum distance from Earth
to Venus. the distance from Earth to the sun
can be calculated from the scale drawing.
8. The distance to the sun is about 93 miilion
miles.
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Figure 4-1 shows how the range finder that you used in
the last chapter works. Take a close look at the figure; then
answer question 4-1.

: Object
Sighting line Line of sight -
-
- ”"
\3 -
o -
) \-\“:0‘ s -
= -
g -
« - -
[+ o] -
Sighting bar gf
J
: $ighting angle Parallel sighting iine
Figure 4-1

4-1, The base line is too short; thus the sight-

Ing angle Is too small ta measure.

‘Notice that in Figure 4-2, the base line is not

perpendicular to the sighting Iine from Earth
to the sun. This may confuse some students.
You may have to point out that it is not neces-
sary for it to be perpendicular, and the
method st{ll works as long as the sighting line
and the parallel sighting line are parailei.

. ' Figure 4-2
Earth ’

to

Venus

Large sighting angle could be used

-
- .
-
/’
—‘-—--- - .= ~-----———-—------—---———----.-~~-----“- - e

(J4-1. Why can’t the range finder you used in Chapter 3
measure large distances?

Even the distance across Earth is too small a base for the
range-finder method to be used to measure the distance to
the sun. But suppose you co" id use the distance from Earth
to Venus as a base line (Figure 4-2).

[J4-2. Do you know how long this base line from Earth to
Venus is? ‘

[]4-3. What other problems would there be in using the
scheme diagrammed in Figure 4-2?

Sighting line ' Sun _ _.

find the distance to the sun. Parallei sighting line

08
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Obviously, you can’t easily get to Venus to make a sighting  Tne list of assumptions in Table 4-1 is basio
to the solution of the problem. Some worth-

of the sun. This alone makes the plan shown in Figure 4-2 . :
while small-group discussion might ensue on

imposs:ble. But there is another way to make use of the  the rationale for these assumptions. For in-

distance between Earth and Venus. It requires that you first  stance. what reasons do we have for assum-
*  ing that the sun is at the center of the solar

draw a model of the position of Venus in relation to Earth g ciem? that Earth and Venus revolve around
and the sun. Column 2 of Table 4-1 and the activities that  the sun? that Venus and Earth move in the

follow will help you do this. Column 1 lists the assumptions %™ plane?
you are making as you drav:r your model.

ey Table 4-1

-
L Angy ]

$ L Assumption 4 (circular orbits): The orbit of
Isviten Earth varles from 94,600,000 miles to
T PP er———erpgayore | 91,400,000 miles from the sun, with a mean
ht ‘m m”\g‘ J of about 93 miillon miles. This is a variation
K el AL T, Kk _ o of less than 2% abovp-ﬁd below the mean.
e . R M - - 3 If this were accurately drawn as large as pos-
! , t sible on a page in the Record Book, there
would only be a difference of about 6 mm
in the measurements, undetectabie without
.g?._ oTin Qh e : . £, drawing instruments. Venus' orbit varies from
' e ) $24 a circle even less.

cular) paths® (orbits) | M MR NP S
S, P‘. . 1 9 R N s ™ ‘?"t-’ oM Earth’s orbit Venus' orbit
; enm'gotbit?.’shoulq;;bc.mg;% )

3 ¥ L : ﬁ.‘ﬂr
| "A¥smaller than Earth’s: orbit. > € )

S -5 l‘*j‘" W

ACTIVITY 4-1. In the space provided In your Record Book,
use a compass to draw two circles as shown. Label the sun

and the two orbits.

ACTIVITY 4-2. Place a bean anywhere on each of the two
circles you've drawn. These will represent Earth and Venus.
Place another bean In the center of the clrcle to represent

the sun.

The use of beans if optional. Any small ob-
jects that the studg#nts can sight on would be
satistactory; for Axample, smail corks, peb-
bles, or pieces/f wood.

CHAPTER 4
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Astronomers have known for many years that

Venus’ orbit is within Earth's orbit, because
Venus is always seen as a morning or evening
“star.” It never gets farthar then about 46°
from the sun and is never 1sun late at night,
as are Mars and Juplter.

NN

Venus here on day 1

\
(/

4-5. Faster. The more obvious reference :s to
angular speed. !t travels one revolution (360°)
in 225 days while Earth requires more than
365 days to revolve around the sun. Not sé
obvlous, and not important for the student to
know, Is the fact that, being cioser to the sun,
Venus aliso travels at & faster linear speed by
about 20%. Thus it not only has a shorter
distance'to go for one revolution, but travels
the distance at a faster rate as weil.

36 CHAPTER 4

Now, use your model—the beans and circles—to study the
relative motions of Venus an1 Earth. To do this, you will
have to add two more assumptions to your list:

1. Earth travels completely around its orbit once every
365} days.
2. Venus takes 225 days to make one complete revolution.

[J4-4. Suppose the planet Earth you just placed in orbit
made a complete turn around the sun. How f* r weld Venus
have traveled in the same time? (Answer by drawing the new
position of Venus in Figure 4-3 ot your Record Book.)

4-4. Venus travels around the sun 365/225
times as fast as Earth does. This is 1.62 times
as fast. Figure 4-3 should show Earth back in
the same position from which 1t started and
Venus making about 1y revoiutions from its
starting point.

*Earth here on day 1
and day 365Va

Figure 4-3

[14-5. Does Venus travel faster, or slower, than Earth as it
moves around the sun? 4

The last activity gives you an idea of what the paths of
Venus and Earth are like. Your next problem is to visualize
what the motion of Venus would look like from.Earth. Once
again, your model can help you.

ACTIVITY 4-3. Arrange the beans as shown.

Unless the three beans are perfectly lined up, you can think
of them as three points of a triangle.




%

Move Earth and Venus beans to other points along their
circular orbits. Notice that the three beans always form a
triangle (except when they are lined up). (See Figure 4-4.)  Figure 4-4

Imagine yourself standing on Earth looking at Venus and

the sun. Activity 4-4 will help vou visualize this. _
This sightiny of the angle between the two
. hnes formed by the beans (or other objects)
ACTIVITY 4-4. Look frem behiind the bean representing Earth o, epwnat aifficult, but important. You may
along the paper toward the sun and Venus. have to provide help to some students.

4-6. What measurement could you make to describe the
position of Venus with respect to the sun?

Question 4-6 may not have been too easy. The angle
formed where line EV (the line of sight from Farth to Venus)
crosses line ES (the line of sight from Earth to the sun) can
be used to describe the position of Venus with respect to
the sun. CHAPTER 4 37
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ACTIVITY 4.5. Experiment by moving Earth and Venus until
you find the position at which the EV-ES angle Is greatest.

E) ‘(QI RSO g} " Measure this angle with a protractor. (See Excursion 4-2 I
you don't know how to use a protractor.)

. Excursion 4-2 provides heip on the use of a
protractor. Protractors differ, and the student
may need practice on the particular kind that
Is avallable, even though he has used one Earth

EV-ES angle

(J4-7. When would the EV-ES angle be the greatest?

The number of degrees in question 4-8 may [ ]4-8. What number of degrees are there in the greatest

vary, but this is not Important. More important : - 9
Is the concept In question 4-7: tnat the angle P ossible EV-ES angle.
wlil be greatest when the iine of sight to Venus

Just touches the orbit ~lrcle. Of course, the -8, - 9
anglo. will Be. smalest (05) whon the sum, (J4-8. When would the EV-ES angle be the smallest?

£arth, and Venus are in a straight iine. )
You should have seen that the greatest EV-ES angle occurs

when the line of sight from Earth to Venus just touches, but
does not cut, the orbit of Venus. (See Figure 4-3.)

Venus' orbit

Figure 4-5

Earth's orbit

Thess lines cut
through the orbit
of Venus.

38 CHAPTER 4

This line touches the orbit of .
$ ¢ Venus, but doas not cut through it.

“~
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ACTIVITY 4-6. In the space provided in your Record Book,
draw a diagram of Earth’s orbit the same size as you did for

 Activity 4-1. But this time, draw the Venus orbit a ditferent

size than before, keeping it smaller ti.an Earth’s. Again find
the greatest EV-ES angle and measure it with a protractor.

(]4-10. How many degrees are there in the greatest possible
EV-ES angle this time?

[J4-11. Does the gicatest EV-ES angle occur again where
the Earth-Venus line just touches but does not cross the orbit

oi Venus?

Figure 4-6
Venus . sun
Pl \\\\\Hl/,‘

EV-ES angle ,
Pid - ’.%;IO\\S
PR L= PN
” -

Measuring the real EV-ES angle is easy (see Figure 4-6).
Astronomers have found that the average grearest EV-ES
angle is 46 degrees. This figure can be used to find the dis-
tance from Venus to the sun.

But what does that have to do with measuring the distance
from Earth to the sun? That was the question that started

this discussion of EV-ES angles.

ACTIVITY 4-7. In the space provided in your Record Book,
draw a 15-cm diameter circle to represent the orbit of Earth.
Draw in ah Earth-sun (ES) line as shown.

This activity and the fouwowing questions are
included to pro..de additional practice on the
concept of inding the greatest sighting angie.

i he orbits ot [arth and Venus are nct perfect
circles but. rather, shighty elhiptical. This
mmeans that thore are pomnts an the Earth orbit
where sightings to the Venus orbit can vary
by a numbet of degrees. For instancs, if the
sighting 1s made when Earth is farthest ¢ ut on
its ethpse and Venus is closest to the sun on
its ellipse. the angle will ha smaller than 1
Earth 1s closest to the sun and Venus has
swung out toits greatest distanco But using
circular ortnts of the average cistances to the
sun is the student 1s duing, the greatest angle
1s about 46 .

From this pent onon the chapter, drawings

will be mads: tu scale and angles measured
accurately. The success of the distance
moasuraments to the sun depends on these
accurate me.suremsnts.

ES line
Earth




ACTIVITY 4-8. Using your protractor, draw In the Earth-Venus
(EV) line tor the largest EV~ES angle (46 degrees).

Earth

From your earlier work, you know that the orbit of Venus
must just touch, but not cut, this EV line.

ACTIVITY 4-8. Using a compass, draw the orbit circle for
Venus. Remember, the circle should just touch, but not cut,
the sighting line. At the exac! point where the sighting line
touches Venus’' orbit, make & small dot and abel it *“Venus.”

The locatlon of the “Vanus™ dot.nay be tricky.
Geometrically, It I on the perpendicuiar from

Earth tha sun to the EV line.

The drawing you just made is a scale drawing of the actual
orbits of Venus and Earth. It can be used to determine the
distance from Earth to the sun. Before you do this, however,
be sure you know what a scale drawing is by doing the
following checkup.

e et s A b APt <, . b = N . 5 e DS 8 P i e Btme = =

CHECKUP

Here is a scale drawing of a packing crate.

1. How high (in feet) was the crate from which the scale
drawing was made? '

2. How wide (in feet) was the actual crate?
Check your answers to this checkup on page 39 ol Excur- -

sion 4-3. g,cursion 4-3, keyed by the checkup, s re-
medial on the use of scale drawings.

(]4-12. Measure on your scale drawing from Activity 4-7 the
distance between Earth and Venus when they are closest
& Width ~——> together. This will be when Earth, Venus. and the sun are
lined up, and the EV-ES angle is 0 degrees. (See art in
Scale: 1 om = 4 ft margin on the next page.) Record this distance (in mm) on

4-12. This distance should be aoout 21 mm.  the beottom iine of Table 4-2.

E
g
7]
e

The distance you just measured in mulluneters represents
40 CHAPRTER 4 26 millicn miles (se¢ Table 4-2).




4.13. Each millimeter represenis about
(26,000,000 + 21 =

[J14-13. By your scale, how many miles are represented by  1,240.000  miles

*': '.'-;’:: e“h ollo eteﬂ . . . ) 1.238,095).
- -, o e b e Rl Table 4-2
.« " poan il s - :Q.':
. i : Actual W 4
. 7 c iAoy gl o i EEN ] i R,
‘:-.-{ 7 =r“ 3 2R ‘ &t — i ™ : (mlle‘) . Yﬂ :
(B | A wucll | PPRCIRRRA? |3 0y
T 2k s . D SRR T
*I.; ; ): rrwu',“:m-m“"y"‘ 'ra_“"r_'f.'-’.'ﬂ;;;rﬁ...,.._ﬂ; T t.
A8 -
- /[J4-14. Using your scale drawing from Activity 4.7, measure  4-14. Venus td the sun: about 54 mm, which
" - (in millimeters) the distance from Venus to the sun and the equais 67 miljon miles at the scale deter-
B . . mined in questions 4-12 and 4-13. Earth 1o the
4 .~ - distance from Earth to the sun. Record yonur measurements  sun: 756 mmi. vjhich gives 93 million miles at
_? . ¥ in Tablc 4_2. the same scall’.
RS _ '
. i
_ ] . $
§ _ You now have enough information to complete the prob- '
R lem you started at the beginning of Chapter 3. From the &Vanut
SR | | data in Table 4-2 and your scale, you can calculate the dis- '
kis * { tance of the sun from Earth and also the distance of the sun i
: : million ngle =
o from Venus 26 milli i~ Angle = 0°
" * mlles 1
¥ 1
* ’ []J4-15. Calculate the distance in niiles from Venus to the '
bt sun and from Earth to the sun. Record the results of your + Earth
calculations in Table 4-2. | 8
e, |
3 e i '
¥t A good check on your work 18 to see if the sum of YOUr ¢ 000 4.4 15 a remedial excursion for
¥ actual Venus-to-sun distance and Earth-to-Venus distance  those having calculating troubies.
: A equals the Earth-to-sun distance. If the calculations of ques-

tion 4-15 proved difficult, Excursion 4-4 will help you. < -XCURSION |
If you’ve done your work well, you now have the informa-

tion you set out to find at the beginning of Chapter 3. You .
. . 3 ¥ ol
now know the distance from Earth to the sun. Using methods GET IT READY NOV/ FOR CHAPTER 5
not too different from yours, astronomers have found the  Thereareseveral tamstnat must be supplied
locally. These inc.uce peces of cardboard

average distance from Earth to the sun to be roughly 93 4 cm square ae peces 13 cm by 20 cm.
million miles. Do your results agree? The cardboard cacks from used tablets will
do very well You wiil 8lso need single-edged
razor blades, scissors, ang a needie or other
Before going on, do Self-Evaluation 4 in your Record Book. snarp wistrument for mahing a smatl round

CHAPTER 4 41
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"  EQUIPMENT LIST 1 plece frosted acetate, 4 cm square

Per student-team Tapo

1 telescoping tube with caps Per class

1 piece cardboard, 13 cm x 20 cm Scissors

1 150-watt bulb and socket Razor blade

1 meteratick Large needie or pin

1 plece cardboard, 4 cm square

How Big Is the Sun?

’

Excursion 5-1 is keyed to this chapter.

“If at first you don’t succeed, try, try again. That's the way
the old saying goes. Your first try at measuring the distance
to the sun wasn’t successful. You couldn’t get a base line
that was long enough to use the range-finder method. So then
you tried another approach, using the radar distance to
Venus. This time you got the job done.

In this chapter you will try to make another measurement
of the sun. This time you will try to find out how far it is
across the sun. Obviously, measuring the distance across an
object that is 93 million iniles away is a bit more complicated

NCALN \,’77%
NN =
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CHAPTER EMPHASIS

The size of a distant object may be mw« asured
by projecting its image on a screen and using
a simple mathematical relationship.

Chapter 5

MAJOR POINTS

1. An image of a bright object can L2 pro-
jected through a pinhole onto a scresan.

2. There is a mathematica! relationship be-
tween size of object. size of image, distance
from pinhole to object, and distance from
pinhole 1o image. .

3. This relationship can be used to find the
diameter of the sun, when the distance to the
sun is known.

4. The sun is a huge body more than 100
times the diameter of the earth.

5. It is possible to measure objects at great
distances.

Once the pinholes. acetate screens, and the
1.cm square holes in the 13 cm x 20 cm
cardboards are made, they can be used by
all the students. in the interest of economy,
accuracy, and safety (with the razor biade),
you may want to have the apparatus prepared
in advance. It so, you can follow the activities
on the next two pages. In any case, the fol-
lowing hints on preparation may help.

1. Note that the cardboard disk and the
frosted acetate disk are cut to different sizes
because ihey fit into opposite ends of the
telescoping tubes. The cardboar~: joes in the
smaller end, the acetate in the larger. Use
care in cutting so that they fit smoothly in the
appropriate cap without wrinkling

2. Use a large needle, pin, of & sharp pencil
to make the p~nole. Rotate the point as (t1s
pushad thFOL g™ 1@ CANIDOI I andee by got
a smgoth. round ho'e

3 Use carg @ marking the 1 em sgugios an
the acetate Bu suia thal tho Lo rona al
right angles

4 Be sure that tha 1-cm holn the card-

board 's square and inés up with the brightest
part of the bulb when mounted
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. A larger pinhole aillows more light to pass
through, giving a brighter image. But a larger
pinhole aiso gives a fuzzier, less distinct
image. With the sun at a great distance away,
this fuzziness is not prunounced, but with the
bright square from te hght buib as c:.

CHAPTER 5

- Cardboard tube

than just laymg a ruler next to it. But with a little thought
the job can be done faxrly easily. To make your measure-
ments, you and, a partner will need these materials:

1 cardboard sighting scope with frosted acetate screen

1 piece cardboard, 13 cm x 2Q cm with 1 ¢cm?® hole
"1 150-watt bulb and socket

1 meterstick

If the éighting scope has not been assembled, Activities 5-1
through 5-4 show you how to construct the sighting scope.
To do this, youwill need:

Jlte lcscoping cardboard tube, 40 cm long with end caps
'] piece of thin cardboard, 4 cm?

I piece frosted acetate, 4 cm?

| pair scissors

| sharp pencil

ACTIVITY 5-1. Remove the smaller cap from the cardboard
tube. With a sharp pencll, trace the outside of the tube on
the 4 em x 4 cm,plece of cardboard. Cut along the lines to
form a disk.

ACTIVITY 5-2. Make a smooth pinhole in the center of the
cardboard disk with a large needle or pin. Place this disk In
the cap and repiace the cap on the tuhe.

it has to be, it is very difficult to get any sharp-

ness if the pinhote is made too larga. The
maximum size shouid ba a hole formed by the

Smallertube cap mm in diamater.

68

Hole

point of a sharp pencil pushed in &
3 mm. That means that the hole wiil bas:
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Prepare an acetate disk to fit in the larger cap.

e *  ACTIVITY 5.3. Be sure you use a well-sharpened pencli to .
»E mark off 1/2-cm squares on the frosted side of the acetate

T disk. This must be carefully done. Place this disk in the tube

;2",; N cap, with the frosted side out. (Your frosted acetate disk, by

g the addition of the grid lines, has been made Into what Is .

kS comi-anly called a screen.)

i | -

K

Ya-cm squares

Frosted
side out

e s

If the cardboard (13 cm X 9 cm) with the | cm"’ hole is
available, skip to Activity 5-5.

ACTIVITY 54. Mark off a 1-cm square on a 13- X 20-cm
cardboard sheet In the position shown. Place it on something
flat that can be used as a cutting surface. With a razer blade,
remove the square, leaving a hole in the cardboard.

1-cm square hole

Cardboard

Board taped
ACTIVITY £-5. Tape the 13- x 20-cm cardboard in front of the tc socket
; light bulb as shown. Be sure the brightest part of the bulb /
shed ,;" e Is lined up with the square hole. .
sie wili bR gl For what follows, you will need a level space behind the
.8 bulb of up to 3 ft and about 2 ft in front of the bulb. 45

63
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in order to see the square image on the ace-
tate screen, it I8 necessary to ook straight .
into the screen. It heips If the screen is In a ACTIVITY 5-6. Support the tube on books so that it is level

darker part of the room. You may want to use
large cardboard cartons s light shieids and pointing straight at the square hole. Have the tube at its

around the ends of the telescoplng tubes. 8h0rfes( |0n9(h (3ma“ 'Ube DUShed ll‘l a" the waY). Gfadua"y
move the light bulb and cardboard away from the tube untll

\\ l an image of the square hole ]ust fills 1 cm? (4 squares) on
N the acetate screen.
e
- Tube atits
— Dt T TS shortest length Acetate

screen

As the light source Is moved awav from the
pinhole, the image will be much dimmer. It will
be even more important to have the screen
protected from extraneous light.

Image

With the telescoping tube at Its shortest ~ [15-1. What is the distance (in cm) from the pinhole to the

length, the distances for questions 5-1 and i 9
5-2 should both be about 42 cm. square hole in the card?

(J5-2. What is the distance (in cm) from the pinhole to the
screen (the length of the cardboard tube)?

Figure 5-1

3 If ycu have made careful measurements, you should have

found the distance from the pinhole to the screen to be about

Image the same as the distance from the pinhole to the square hole
age on

in the card.

Now move the cardboard with tiie square hole away from
the pinhole until only one square on the screen is filled with
the ir  ¢. (See Figure 3-1.)

frosted screen

(15-3. Now what is the distance (m cm) from the pinhole
to the square hole?

The new distance you just n.casured should be about twice
the distance from the pinhole to the screen.

(15-4. How many times bigger is the distance across the
square-hole in the cardboard (1 c¢m) than the distance across
the image (4 cm)?

Perhaps you are beginning to see some relationships here.
The distance from the pinhole to the screen and the size of
46 CHAPTER 5 the image that forms are related. Although you may not sce
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' z*,.s.' how as yet, you can use this relationship to measure the size
A, of a bright object such as the 150-watt bulb. Let’sSee how
L ;";i this can bé done. :
DT {H’i’ Here’s the relationship you need. e
‘I¥+ °  Distance across the object
w | i Distance from the object to the pinhole , _
5 = — _ X distance across the image
N ~Distance from the pinhole to the screen
of You may recognize this mathematical rela-
| ¢ B Here’s an example of how the relationship can be used. “tionship as the modified lens formula:
1 _ . _ Ho _ DO here Ho = size of object, Hi =
X The distance from the pinhole to the square hole in the M f?’ 0o - , e
\ b cardboard is 84 cm. The distance from the pinhole to the s e 00 Sistance from mmnole 10
‘ N screen (the length of the tube) is about 42 cm. The width  Image.
L of the image on the screen is 4 cm. All of this is shown in

Figure 3-2. .

Figure §-2 '

-
9

84 cm

é
o5e s Lt

B Distance across the = o X distance across
4 square hole ‘M the image
: = X 4 Ccm
_--;ffz £ 42 cm 4
i ’ ’ =2 X é cm
- RNy

; )s%* ' =1lcm
"{2 i .’»«(

g-?;; . Now check to be sure that your answers to questions 5-1,
YINVERILIR . . .
e 5-2, 5-3, and 5-4 fit .he relationship. For example, in order

A for your answers to 5-1 and 5-2 to fit, they must be equal.
S . . . . .3

3 This is because the object and image width are the same

: '. _ size at that setting.

. . 7




150-watt
bulb
N\,

Cardboard
with hole

e

|-q-— Disiance A

G

prm——e

A

Hole

Distance B

Figure 5-3

Even though there is a safety note for the
students, it might be wise to remind them that,

. although they looked directly intc the screen
’ when getting the square image with the light
bulb, they should not use the same technique
*with the sun. However, the sun's image Is so
much brighter :hat it can easily be seen with-

out fooking directly.

the sun =

Figure 5-3B shows how you can calculate the distance
across the sun in the same way that you just calculated the
distance across the hole in the cardboard (Figure 5-3A). All
you need do is set up the sighting scope so that the pinhole
faces the sun. When the scope is lined up, the sun’s image
will fall on the screen.

Acetate
screen

image of
square hole

Sun

Distance A

Hole Acetate
K screen

——_1,°

Distance B

Image
B of sun

Saiety Note Remember, you should necer look directly at the

sun.

Once you've formed an image of the sun, you can get
everything needed to calculate the distance across the sun
by using the relationship. You’ve already measured the dis-
tance from the sun to the pinhole—93 million miles. Thus:

Distance across
93,000,000 miles

x distance across the image

Distance from pinhole to screen

Now you need to measure the width of the image on the

screen,

ACTIVITY 5-7. Point the pinhole end of t1e tube directly at
the sun as shown.

@a




. ACTIVITY 5-8. Puli the two sections of the tube apart until
' . a sharp image of the sun forms on the acetate screen. DO
NO‘_I' LOO_K DIRECTLY AT THE SUN..

- ACTIVITY 5-9, Adjust the tube until the image of the sun just
fits Inside one of the small 1/2-cm squares on the screen.
lt should just touch the four sides of the square. Measure the
dlstance from the screen to the pinhole.

'[35-5. The distance from the pinhole to the screen is how
many cm?
, Now you have all the data that you need to calculate the
¢ distance across the sun by using the relationship.

Distance across
' 93,000,000 miles
Distance from pinhole to screen in cm

-the sun = X 4 cm

[15-6. What is the distance across the sun in miles? (If you
make the calculation shown above, your answer will auto-
-+ matically come out in miles because the centimeters cancel
" out.)

You may have been surprised to learn how large the sun
really is. Its diameter is greater in length than the diameter
-of the moon’s orbit around the earth. More importantly,
- -though, you should be beginning to realize that with careful
thmkmg and a few measurements and calculations, astrono-
-mers can provide answers that at first seem almost impossible
. 10 get.

. If you would like to make your own telescope and pet a
» good look at the moon, do Excursion 5-1.

Image of sun
on screen

It the student has made careful measure-
ments, the distance from the pinhole to the
screen shouid be about 54 ¢m (question
5-5). Anywhere in the 52-58 ¢m range should
be congidered adequate. The image of the
sun, though distinct, is fuzzy enough on-ihe
screen to make it difficult to exactly fit it into
one square. Using 54 cm, the distance across
the sun ‘(question 5-6) bacomes 861,000
miles. The diameter generally used in astron-
omy is 865.000 miles. An answer anywhere
between 800,000 miles and 900.000 miles
should be acceptable.

Excursion 5-1, "Moon Gazing." is a fun exer-
cise in which the student constructs a simple
t iescope not too unlike the one made by
Galileo.

GET IT READY NOW FOR CHAPTER 6

Small preces of cardboard and string will have
to be supplied locally. Students will also nead
a sheet of white paper.

CHAPTER 5
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EQUIPMENT LIST
Per student-team

1 drawing compass

1 metric ruler

1 fead sinker

1 50-cm piece of string
1 protractor :

The Fiery Chariot

1 sheet of white paper
Masking tape
Cardboard

Scissors

Excursions 6-1 and 8-2 are keyed to the
chapter, ang Excursion 4-2 s rekeyed.

One of the myths told in ancient times described the sun
as a flaming ball carried across the sky in a chariot drawn
/by four horses. Since you formed an image of the sun on

a screen in Chapter 5, you know that part of the myth is
in fact true—the sun is a flaming ball.

!
‘
4

But does the sun move across the sky? To you, the answer
is probably a solid No because you know that the earth's
turning is what makes the sun appear to move. You may
also know that proving this is not so easy. To sémeone stand-
. ing on the earth, the sun moving around an unmoving earth
" would appear the same as the sun standing still with the carth
turning. A simple model can show you why.

CHAPTER EMPHASIS

The relative motion between the sun and an
observer is examined, and the effects of this
motion are studied.

Chapter 6

MAJOR POINTS

1. From observations of the apparent motion
of the sun, it is impossible to teil whether the
sun is moving and the earth is stationary or
the earth is rotating and the sun is standing
still.

2. Tha apparent mction of the sun is through
360° every 24 hours, or 15° per hour.

3. The time zoncs in use are based on this
apparant motion of 15 degrees per hour.

4. The apparent path of the sun across the

" sky changes from day to day.

5. Tha apparent speed of the sun can be
measured by the motion of the shadow that
it casts.

6. The apparent speed of tha sun is a very
large number of miles per hour.

7 Because of this extremely high speed, the
model that the sun moves around the earth
each day is unlikely.
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v ""5’ Froum gt oy different places in the chapter. Therefore, it
' ' ACTIVITY 6-1. in the space provided In your Record Book,
draw a circle 18.6 cm across. In other words, the circle has

B | a radlus of 9.3 cm, or 83 mm.
' 4 shouid be drawn carefully and accurately. The

measurement of thé apparent speed of the sun
is dependent on the circle's dimensions.

ACTIVITY 6-2. Cut out two cardboard circles about 2 cm
across. Label one “S,” for the sun, and the other “E,” for

lt—— 18.6 cm __.l | .the earth. -
OO

ACTIVITY 6-3. Make a small dot at the edge of the earth. This
represents a person standing on the earth’'s surface.

C_T_—_—_—""_'

A I‘-—Zcm——)|

ACTIVITY 6-4. Place the sun In the center of the circle you
drew In your Record Book. Then place the earth on the circle
as shown. Be sure that the “person dot” is in the positio
shown.

ACTIVITY 6-5. Stick the point of your compass through the
center of the earth. You can think of this point as the North

Pole.
Compass polnt

52 CHAPTER 6

- - st ey —— =
e e e e i e e S




g6-1. If you were the person stax;ding on the earth in )
Activity 6-4, would the sun appear to be overhead or on the A

horizon? 8-1. The sun would appear to be on the hori-
zon (actually, on tha eastern horizon)
ACTIVITY 8-8. Turn the earth around the compass point to ¢’

the position shown.

[]6-2. Would the sun appear to be overhead to a person
standing at the dot?

[16-3. How many degrees did you have to turn the earth
iv get the sun overhead? (Hint: If you have trouble with

this question, see Excursion 4-2.)

ACTIVITY 6-7. Keep turning the earth until it gets to the place
where, to a person at the dot, the sun would again appear
to be on the horizon.

[J6-4. Now how many degrees have you turned the earth
from where it started (in Activity 6-5)?

(J6-5. If you had been standing on the earth at the dot,

', +athat Excursion 4-2, “"Angles and Protrac.
would the sun seem to have traveled across the sky from . "' 0 0 here for remedial purocses
one horizon to the other?

ACTIVITY 6-8. Check your answer to question 6-5 by repeating
Activities 6-6 and 6-7. Try to visualize what a person standing
at the dot would be seeing. it may help to crouch down as
shown.

6-6 360  Itis mportant thigt the student seas;
‘ma ropnecton tetween the Jegrees 13od)
and »e nours (24

[]6-8. If you were to kecp turning the earth until it got back
to where it started. through a total of how many degrees

would it have turned?

As you know, one complete turn of the earth represents
one day, or 24 hours.

o
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Problem Break 6-1 Is difficult. Encourage stu-
dents to really work on it. They should be able
to suggest a variety of ways, with and without
apparatus, that would show a changing path.
One wouid be the change in the length of a
shadow cast by & vertical object. Another
would be the changing position on the hori-
zon of a sunrige or $unset as seen from a fixed
point. The greatest day-to-day change can be
noted In the spring and fall; the least change
occurs during the summer and winter.

The short explanation called for is the more
difticult part. The apparent path of the sun
across the sky is a littie different each day
because of the earth's rotation on Its axis and
its revolving around the sun in its orbit. With
the axis of the earth tited at 231° from per-
pendicular, the sun seems to travel on a circle

' called the ecliptic. it changes its position on

tne ecliptic about 1° per day, thus passing
through the 360° of the circle in 365 days.

Note that tor a mocving earth, the rotation 1s
counterclockwise; but for a moving sun, the
motion is clockwise.

54 CHAPTER 6
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ACTIVITY 6-9. Now reverse the positions of the earth and the
sun on the circle. Be sure that the “person dot” faces upward

as shown. '

1]

!

/

[]6-7. With the earth and the sun in the position shown in
Activity 6-9, would the person se¢ the sun overhead, or on

the horizon?

ACTIVITY 6-10. Move the sun along the circle to a point where
it would appear to be overhead to the person. Then continue
to move the sun to a peint where It would appear to bs on

the horizon.

[]6-8. How many degrees did you move the sun to make
it appear overhead to a person at the dot?

(]6-9. How many degrees did you have to move the sun to
make it appear to move from one horizon to the other?

Now think about what a person at the dot would have
seen in the case of the earth turning, and in the case of the
sun moving around the earth. In both cases, the sun would
appear to move around the earth. In both cases, the sun
would appear to rise from one horizon and to set behind
the other!

PROBLEM BREAK 6-1 .

How good an observer are you? You can tell by the answer
you give to this question: Is the apparent path of the sun
across the sky the same every day?

Of course, the sun doesn’t leave a trail in the sky so that
you can see any change in path. But there should be some
way that you could observe a change if there is any. In your
Record Book, describe an observation that you could make
with simple apparatus that would show conclusively whether
the apparent path of the sun across the skv is the same every
day. If you decide that the path changes, give a short ex-
planation of why this is so.




As was said carlier, it isn’t so casy to prove that the carth
is turning rather than the sun moving around it. Suppose
the sun actually does move around the carth while the carth
stands still. Because it is far away, it would have to make
a very long journey each day. It would have to travel very
fast to make it in just 24 hours. You can get a goor idea
of the speed i. must have to make the trip. You only need
a few simple things. But you will have to have an hour of
sunlight.

If you don’t have a full hour ahead of you in this class,
read ahead to sce what has to be done. Then plan a time
when you can do the activity. If you have some spare time
now, this would be a good time to do Excursion 6-1 and find

<out about “The Night That People Lost 10 Days.” No equip-
ment is needed.

Got a sunny day and a full hour? Then let’s find out how
fast the sun would have to be to go around the earth cach
day. Get the following items:

I lead sinker

I 50-cm piece of string

1 protractor

I 2-inch picce of masking tape or cellophane tape
1 sheet of white paper

Tie the string to the lead sinker. Make an X with your

pencil in the center of the paper. Take everything outdoors
or to a windowsill where the sun will shine for at least an
hour.
ACTIVITY 6-11. Tape your piece of paper to a flat surface in
tull sunlight. Then hold the sinker exactly over the X you drew
on the paper. Draw a short line along the shadow of the string
on the paper. Jot down the exact time.

It.nay be possibie for the student to use a nng
stand or other vattical support from which to
hang the sinker on the string 1t could then
remain motionless tor the time penod, and the
beginning and ending postions ¢ould be
marked.

The constramt tor an hour of sunlight may not
be realistic, considenng the length of an
average class penod Activity 6-12 on the noxt
page modilivs the instruchions to allow the
ise of half an hour

v Al - .Y ' ‘
LEXCURSION!
Excursion 6-1 14 a goo une for genoral inter-

_est and extenwicn and it provides some back-
ground on the calendar.

e String and sinker

Tape

@ \ S/hadeMark
7‘\\ / ><




After 1 hour:

2nd mark

0. B \ .-
\\}\ _

Shifted
After V2 hour: 2nd mark
Ay

Measure this angiv.

2nd mark

- an " W w >

1st mark

6-10. This answer (and some later ones that
depend on it) may vary with geographic loca-
tion, time of year, and time of day. An accept-
able answer would be between 10° and 20°,

Figure 6-1

CHAPTER 6

ACTIVITY 6-12. Exactly one hour later, hold the string as you
did before, and once again mark the shadow. (Note: If you
do not have a full hour available, use 1/2 hour and double
tne distance of the 2nd mark from the 1st mark.)

ACTIVITY 6-13. Take your paper back to your desk. With a
ruler, draw straight lines from the X along each of the shadow
marks. Measure the angle between the lines with a protractor.

[16-10. How many degrees are in the angle formed by the
two shadow lines?

Now try to apply what you have just done to the model
you built earlier. Figure 6-1 diagrams what would have
happened if the person standing at the dot in Activity 6-10
had been holding a sinker as you did.

Notice in Figure 6-1 that as the sun moves, the shadow
of the string moves too. This suggests that measuring the
distance that the shadow moves in a given time could tell
you how fast the sun would have to move. Let’s find out
if it will,

1 hour later

1st measurement




In Activity 6-1 you drew a circle with a radius of 93 mm.
This size was chosen to make your next set of calculations
easy. Think of a distance of 93 mm as representing the dis-
tance of 93 million miles from the earth to the sun.

(J6-11. How many miles does each mm represent?

~ee <3 g4
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ACPVITY 6-14. On the circle you drew in your Record Book,
draw an angle like the one you measured In Activity 6-13. Use
your protractor and a sharp pencil. Label the ahgle 4s shown.

PR

. o3,

3

N Ay el

B PP TV S
L e e R el G e

[]6-12. The distance between ! and 2 shows how far the

. § sun appears to travel in how long?
;2 Using the distance between | and 2, you can calculate how
% far the sun would have to travel in one hour if it goes around
i £ the earth in one day.
E 7’3’ You can’t measure a curved line a< urately with your ruler.
acs But when the angle is small, the distance between two points
N; ) along a curve is not too different from the distance along
‘I a straight line. This means that you can use a millimeter ruler
j to get a good estimate of the distance between | and 2.
._4\ ? . 6-13. 16 mm to 32mm o\
A 6-14 16,000,000 mi to 32,000.000 m
@,.‘ 6-15. 16 mullion mph to 32 million mph
.t' 1‘/

((J6-13. What is the distance in mm from point 1 to point 27

TRt
Y
P26

[J6-14. Using the scale you determined iu question 6-11.
what is the distance in miles that the sun would have had
0 travel? '

o
g )

(J6-15. What would its speed in miles per hour have 1o be?

if the apparent path of the sun were on the
celestial equator every day instead of con-
tinually on a different path in the sky, then the
shadow motion 1n one hour would be 15°.
With this chdanging path across the sky, the
apparent speed of the sun also changes dur-
1:g the different hours of the day. Thus, the
angle measured in Activity 6-13 will affect the
answers for questions 6-13, 6-14, and 6-156
below.

The statement is made that when the angle
is small, you can use a ruler to measure the
distance from 1 to 2 (measure the chord in-
stead of the arc). For your information, for
an angle of 15°, the arc is less than 4 of 1%
larger than the chord--an amournt too small
1o detect with a ruler.

CHAPTER 6




As a companson, the orbital speed cf Mer.
cury, which is the tastest tiaveiing planet. is
about 106,000 miles par hour. Fastest orbital
speed for a satsellite 1n circular orbit arouna
the earth i1s about 17,000 miles per hour
Both of these speeds are tiny compared to the
calculated speed of the suf.

6-18. The speed of a pcint or. the equator s
about 25,000 m:'es in 24 hours, or skghily
more than 1,000 miles per hour.

it the earth turns through 360° in 24 hours.
then it turns 15° per hour. This 1s tne average
number of degrees the sun appears to travel
in an hour. The students’ answers should
indicate that the time zones. one hour .n
d.tfterence, are roughtly 15° :n width. The
contirental U. S. 1s about £0° across (67° W
fatitudg to 125° W lattude) and there are 4
time zones: Eastern, Central. Mountain, and
Pacitic. Each is approximately 15° wide, al-
though the width varies - ymewhat to accom-
modate state boundaries.

CHAPTER 6

Your answer to question 6-15 should be a very large num-
ber. In fact, the speed is many, many times greater than that
of any satellite ever put into orbit. Ard it is far greater than
the calculated speed of other planets and most stars. There-
fore, the model that the sun moves arounda the carth each
day is very unlikely.

[76-16. Can vou think of a way to calculate how fust the
earth is turning? (Hint: The distance around the earth is
25,000 miices.)

PROBLEM BREAK 6-2

‘You know that the apparent rising and setting ot the sun
15 caused by the earth’s making cne complete turn on ity
axis in 24 hours. You know that there arc 360 degrees in
a circle, or in one turn Lf the carth, Using this informatior,
vou can fure the number of degrees that the sun appuears
to travel i, one hour.

— ? Dejrees v
|
| i
W hat 1s the relationship between the number of degrees
that the sun travels in one hour and the time zonss that we
use? For example, why is the ume in New York ditferert
from the time 1 Chicago. and the time in Denver diflerent
from the iime m Los Angeles? Write your explanation in
your Recerd Book.

':J),.;'
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You have seen that your daily observations of the sun do
not tell you whether it, or the earth, is moving. Because
you've been told, you know that the earth is turning—the
movement of the sun is just an illusion. Even so, it is more
comfortabie to say that the sun is “rising” or “setting” than ) ,
: . . Excursion G- is for extension ang general
to say the earth is turning. It feels quite natural and okay interest and lets the student follow Galleo's
1o say <he sun moves across the sky_ logic tn soiving the problem of the mocel of
— . . N . . h s
Many scientists of 0id thought man lived in a sun-centered "¢ S°!" Wvetr
wystem. Others claimed that the universe was earth-centered.
To find out how Galileo resolved this debate, do Excur- 4:,‘:( CUARSION |
gi~n 8-,
B .«1. 3olng on, do Self-Evaluation 6 in your Record Book.
No advance preparations need be mads for
Chapter 7.
|
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EQUIPMENT
None '

- On Your Own

Excursions 7-1 and 7-2 are keyed to this
Chapter.

At the beginning of this unit, you set out to investigate the

- way astronomers get information about celestial objects. You

now should have a pretty good 1dea of the way they work.
By using sun-energy measurers (pyrheliometers) and photo-
graphs of spectra, and by calculating angles, astronomers can
make quite remarkable measurements.

In this last chapter you will be given a chance to apply
a few of the astronomers’ techniques on your own. Your first
investigation will help you wrap up your study of the sun.

Back in Chapter 2 you learned that the sun procuces the
same effect on your sun-energy measurer as does a 50-watt
bulb held a few centimeters from it. However, you never
really found out how many watts of power the sun has.

YO2TTLEN

U

CHAPTER EMPHASIS

The student finally uses data he gathered in
Chapter 2, with the distance to the sun In
Chapter 4, to tind the sun’s power. He then
uses techniques from other chapters to solve
some individual problems in astronomy.

Chapter 7

MAJOR POINTS

1. The power of the sun at a distance of 93
miflion miles caa be compared to the power
ot a light buib at a short distance

2. The power required iv produce a pa: .icular
heating eftect on an object must be four times
4s much when the distance from the power
source to the object is doubled. *
3. It power varies as the square of the dis-
tance, then the power of the sun ¢an be com-
puted in terms of a 50-watt bulb.

4 The power (wattage) of the sun I1s a huge
number.

5 Using obser «d spectra and pyrheliometer
readings, and given the distances to stars, a
companson can oe made of their power and
composnition

6. The maximum sighting angle of Mercury
can be used to find the shortest distance from
the earth to the planet

7 The passage of a pianet such as Mercury
across the face of tne sun, as viewed from the
earth, 1s calied a transit.

8. Data from a transit and from other known

.distances car: be used to determing the diam-

eter of the planet
9. Astronomiers use other 100ls besides tele-
scopes

Ttus chapter cals for agphcation by the stu-
dent of the varous concepts encountered
durning the un!t Due to the lack of equipment
usage and erperenantal activities, there 1s &
ganger that tiv: work will be taxen too lightly,
and rapidiy paused over Guard agamnst tas
The chapter can be the ‘trosting on the
cake




Excursion 7-1. “"Power,” 1s remedidi-review
This is really the first place that the student
1S expected to understand the difference be-
tween energy and power. Entourage students
to do the short excursion.

EXCURSION 2

Question 7-1 refers the studet to question
2-21 tor an answer. This is just one example
of the need to use all the precading chapters
in working on this one. Of course. the previ-
ous answer may have been incorrect, and youu
may want to check for thus It should have
been 200 watts As the distance 1s doubled.
(20 cm to 40 cm) the wattage ‘ncreases ds
the square of the difference. 2- = 4. 4 < 50
watis = 200 watts

7-2 As ingicated abiove. yuo must maadpl
the vattage by four It the stugent deesn e
this on the basis of previous work, thid Gues-
tion. the follnwing paragraph. and Figure 7-7.
you may hdve 1o spena some tme on the
concept
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To see how you can measure its power, you need to think
of the sun as a great big light bulb 93.000,000 miles trom
the carth. To figure out how many watts that big sun bulb
has, vou need to know an important relationship. You need
to know how distance atfects the amount of lightcoming from
a far object. You have a big clue to that relationslap from
Chapter 2. (Do you know what power is? Look over Ex-ur-
sion 7-1.)

In Activity 2-12, you found out the eftect of a S0-watt bulb
on your pyrheliometer. You praced the bulb 20 em from the
pyrhehiometer and observed a certain temperature change.
In Activity 2-13, yvou moved the light socket o a distance
of 40 ¢m from the pyrhefiometer. You then found out how
many watts were needed to produce the same effect that had
been caused by the S0-watt bulb at 20 v,

O 7-1. How many watts at 40 ¢m produced the sume effect
on your sun-cnergy measurer as did @ Su-watt bulb at 20
em? (See vour answer to question 2-21.)

Ci7-2. When vou Jdouble the distarice trom the pyrhehometer
to the light soturee. what must vou do 1o the total wattaye
of the bulb to keep the sun-cnergs measuser reading the

sianic?

I ovou did vour attthmetie wello vou now hnow how n-
creasing ditance atfects the amount ol Heht coming trom
A source. When the distince from i object toa light souree
i doubled. the power of the Tirht sodrce must be tour thnes
areater if the same amount of hghtas e teach the object
(See Frgare 7-00)




4 xR watta R watts

This relationship plus your earlier data is all that you need
to know in order to measure the wattage of the sun. Table

7-1 suggests one way to do this.

TR~ ATy Py Pt -8 o g

2 distance A
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Figure 7-1

=+ Tabid 7-1
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The person who madc Table 7-1 simply kept doubliny the
distance an imaginary bulb was from a sun-energy measurer.
To keep the light received the same each time, he kept
multiplying the wattage of the bulb by 4. If he were to keep
dJoing this until the distance became 93 millien miles
(15, O()() 000,000,000 ¢m), he would have tound the wattage
of the sun.

I you have a lot ol time to spare, you might hke to try
the approach taken in Table 7-1. Another way to do the same
thing is described in Excursion 7-2, *Using Squares to Mcas-
ure Distance.” Although shorter, it mnvolves shghtly more-
difficult mathematics. Use one of these two methods to cal-

culete the sun's power in watts. It you detide to use the”

longer method deseribed in Table 7-1, you may find the
tollowing check list helpful.

. Make two columns on a sheet of hined paper.
2. Label the left-hand column “Lastance™ and the nght-
hand colunmn " Wattage.”

N

Thera 1s nothing wrong with this method of
coubling distance and quadrupiing vatlage as
shown in the table And actually the doubiing
gets to 15,000 4006.000,000 cm q.ute rapigly.
A total of 40 to 43 entnies will do it—lgss than
two sheets cf paper The checkhst that s
given wiil nelp Be sure that the student starts
with the actual distance (question 2-18), and
riot with the 10 cin as shown 1n the sample
table.

CEXCURSION

The more mathemat cailly ncuned studernts
may want to use Excursion 7.2 for extension
it s detinitery snorter than the 43-entry table.
but reqguires an understanding of the iaw of
SQUAres

CHAPTER 7 63
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As you can surmise, it is not hikely that the
student will reach exactly 15.000,000,000,000
cm as indicated in stap 8. For example, the
40th entry may be soine number like 11.446,
337,208,320 cn for wistance, and 16,914.575,
040.808,832,043,827,200 for wattage. Another
doubling ot distance for the 41st entry will
give 22,892,694,416,640 cm for distance and
67.658,300,163 253,328,172 for wattage. The
40th entry was too luw by 3,553,662.791,680
cm, and the 41st entry was too high. The
student can (a) say that the wattage of the sun
lies betwuen the 40th and 41st entries, or (b)
estimat® how much greatar ihe wattage is
than the 40th entry and use that figure, or (c)
interpoiate by saying that the amount by
whi¢h the 40th entry was ioo low represents
#x of the way toward the 41st entry and take
that part of the wattage dirterence betwuen
the two entries

7-3. The actual tigure tne student yets 1s not
toc important, but, for your intormation, the
sun's power 1s about 370, 000 000,000, 000
000,060,000,000 watts (that's 3.7 x 1G-*

Figure 7-2
Spectrum of ISCS-A

H9 = helium
4 == hydrogen

Ca = calcium

At the top of the left columny write in the distance in
¢m from question 2-18 of C&{)tcr 2. Opposite this
number, in the right-hand coluthp, write in 50 Wats.
Double the distance in the left-hand co'umn and write
the new distance under the first. Multiply the 50 W in
the right-hand column by 4, and wyite the new wattage
(200) under the 50. \

Keep doubling the dist2.ce number in the left-hand
column. Each time, multiply the wattagq number in the
right-hand column by 4. )

Continue doubling the left-hand nymbers until you
reach 15,000.000,000.000 cm. In each case, multiply the
number in the rxght-hand column by 4.

The last number in the right-hand/ column, opposite
15,000 000,000,000 e¢m, {s the csti/rpatcd wattage of the
sun. -

e e

(17-3. What is the wattage of the sun?

Now you should test your ability to use some of the other
techniques you have learned. For the first exercise, you will
be given spectroscope data for two stars, ISCS-A and ISCS-B.

Your

task is to interpret this information to find out as much

as you can about the stars. From it, you should be able 1o
say something of the way the two stars compare i composi-

tion,

Figure 7-2

ISCS-
show

distanceéy and power,

shows the spectra observed when the light from
A and ISCS-B passed through a spectroscope. It also
s the s..:tral lines of some common clements. Look

at the spectra carefully. They and Tables 7-2 and 7-3 contain
all the information you need to finish this first exercise.

He

Spectral Lines ut Selected Common Elem

He

H H He Ca Ca




* Distance from the Earth

2 ISCS-A  50,000,000,000,000 miles, or 8,000,000,000,000,000,000 cm-

; 'ISCS-B * 25,000,000,000,000 miles, or 4,000,000,000,000,000,000 cm
b e @l ot L den e

:. Energy Data. o

3 ¢ Sun-Energy Measurer Reading

, | scsA 19.9° C

i+ ISCS-B ' 346° C

§#.2:  Reading in shade - 52°C

ML FP , e

. [17-4. In your Record Book, recerd your conclusions about
the twe stars. Then give a bricf explanation of the way you
reached the conclusions.

~

Your written discussion should include a comparison of
the two stars in terms of their power and the elements they
contain. Try to get other information about the two stars if
yeu can. You will probably want to review Chapters 1, 2, und
7 as you do this activity.

Table 7-2

The major Star hearest to our solar systemas
about 25.0:060.000.000,000) miles away, which
malches the divtance (D 15CS-B 11 the tniple
star  Alpha Contar 15CS-A ot about
Matches in dstance oitius. the bgotest star
In the sky

Table 7-3

The pyrhelinomeier would ol cGufiar iave 10 Le
mountad il the focus ot a targe lgscope In
order to yut any eneigy readings

From the Lpectna, the student should conclude
that otar A condaing the alements heium and
hydrogen and star B 2 ontiams nydrogen and
caicium From the divtance snd energy data,
ctudants Lhauhd cone b that Line Aas teage
as ar away it star Bothat the energy recave

ttom star i about twice as macn as th

t:am star AL and that theretare the power of
shar As aroainr than that of <tar B It the two
crirs had e same power star A v,euld have
produced oty ©awmuch teing - rature change
5 star Blosorcer star Ao twice ag tar away
mstead f pretoeced fds much Lo st A must
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MEASURING
THE DISTANCE
TO MERCURY

Using the maximum angle of 28° and the

tarfce comes out about 42.8 million miles.
Subtracting tnis from the Earth-sun distance,
93 million mues, gives about 50 million miles.
(question 7-5' Actually, the orbi* of Mercury
1s much more eihptical than that of Earth or
Venus, and its distance from the sun varies
trom 28.5 million to 43.5 million miles.

MEASURING
THE SIZE OF
MERCURY

A transit of Venus 1s a much finer sight be-
cause Venus 1s both closer and larger than
Mercury However, this event is rather rare,
and the next transit of Venus wiil not occur
until the year 2004.

66 CHAPTER 7

Your next problem is to determine the shortest distance from
the carth to the planet Mercury. You can use a procedure
similar to that used in Chapter 4 to find the distance to the
sun. You may assume that the carth and Mercury both move
around the sun in circular orbits. You know that the ea:th
is approximately 93 million miles from the sun, and that the
maximum sun-carth-Mercury angle 1s 28°. Figure 7-3 illus-
trates this. With it and the data given, you should be able
to solve the problem. Make your observations and record
your findings in your Record Book.

[[i7-5. Record your calculation of the shortest distance from

Mcreury to the carth, —
Figure 7-3 \
.3 million miles-{
! % Sun \

[

Earth
28°
Mercury

Every few vears the sun, the carth, and Mereury hine up
perfectly, with Mereury between the sun and the earth. This
is shown in Figure 7-4.

Figure 7-4 ¢

When this happens, astronomers can photograph Mereury
as it prases ceross the face of the sun This is called a transir.
Such a transit was observed in 1970, and there will be unother
in 1973, in 1986, and in 1993, Figure 7-5 shows Mercury
crossing the sun.

J{)
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Perhaps you see how this information can be used to de-
termine the diameter of Mercury. ‘

Suppose, during a transit of Mercury, the apparent size
of the planet was measured to be ,}5 as wide as the sun that
it was crossing. Find the diameter of Mercury, using the
following daia you have already worked out; )

I. The distance to the sun—from Chapter 4

2. The size of the sun—from Chapter 5

3. The nearest distance from the earth to Mercury—your
answer to question 7-5

»

Li7-6. Record the diameter of Mercury in your notebook.

For lack of time and better equipment, you have not used
fo the fullest the measuring techniques you've learned. By
looking at spectra, astronomers can determine such things
as the speed of moving obiects, as well as their temperature
and com-osition. Mather:atics can be used to produce many,
many other kinds of di. .nce measurements.

(a -
lji

SA RPN

Figure 7-5

The diameter of Mércmy can be found by
proportion, using the data given below, as
fellows:

Diam. of Mercury

.L, diam. of sun

Distance to Mercury
Distance to sun

Diam. of Mercury 50.260.000 n

Tl X 865,000 i~ '93,000,000 i

Diam. of Mercury = ;’)2300900 * 43.2_.5_22.
93,000,000

Diam. of Mercury = 2,335 mi '

The accepted value for the diameter of Mer-
cury is about! 3.000 miles. The computed di-
« oeter compares favorably. and if the mean
aistance from Mercury to the sun ot about 36
million miles had been used, it would have
made the distance trom the earth to Mercury
about 57 miton mues, and the drameter
would have cotne even closer to the accepted
figure
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It will probably come as no surprise to you Most people think of astronomers as constantly looking
;Za;n;"ggcﬁ'gm??éom'g e big who  through big telescopes. Although the telescope is certainly
scoped. Instrumentation and photograpmic  important for gathering information about stard and planets,
:r: Z?‘Z:SZJ?J," made great changes n the it is by no means the astronomer’s only tool. In recent years, R
y. . -
’ new ways of studying the heavens have been used. Not long 1
ago, for example, it was discovered that some stars and
groups of stars give off radio waves. By studying these waves, 1
radio astronomers are locating objects that were unknown
only a few years ago. ' P
If you've done your work well, you now realize that a lot 3
of work involves only a pencil, a piece of paper, and, most
_ importantly, a lot of hard thinking. Of course, a computer
‘ comes in handy.

ar annre aEmadss .
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Before going on, do Selt-Evaluation 7 in your Record Book.
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"Excursions

Do you like to take trips, to try something different, to see
new things? Excursions can give you the chance. In many
ways they resemble chapters. But chapters carry the main
story line. Excursions are side trips. They may h.. - sou to
go further, they may help you go into different ma. rial, or
they may just be of interest to you. And some excursions are
provided to help you understand difficult ideas.

Whatever way you get there, after you finish an excursion,
you should return to your place in the text material and con-
tinue with your work. These short trips can be interesting
and different.
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EQUIPMENT LiST

3 pegboard backs 1 spectroscope

1 10-cm length of nichrome wife 1 small contalner of water

1 petri dish or baby-food jar 1 150-watt bulb in receptacle
1 alcahol burner 1 small pinch of NaCl

PURPOSE .

To allow the student to observe the absorp-
tion, or dark-line, spectrum of sodium.

Those Strange Excursion 1-1

Dark Lines

This is an extension excursion requinng
c‘aretul observation.

1

Your work in Chapter 1 introduced you to bright-line spectra.
Now perhaps you’d like to meet the black sheep of the
spectral family. If so, start right in.

Safety Note Remember not to look directly at the sun as you
do the activities that follow.

MAJOR POINTS

1 The dark lines that cross the spectrum of
the sun are in the same positici. as the bright
lines in the spectra cf certain elements.

2 Sudium vapor can subtract the yellow lines
from the spectrum of a bulb.

To keep from owver frustrating a student, it
would probably be wise to make it clear that .
the Fraunhofer lines are extremely difficult tir”
observe, and there 's a possibility that they
will not be seen
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ACTIVITY 1. Once again, use the spectroscope to study a
bright spot of sunlight reflected from a piece of white paper.
Look very carefully to try to locate a few dark lines in the
spectrum. Do not look directly at the sun.

Sunlight

7/ It is poss.c's (but not probable) that the stu-

// dent may see most or all of thi: 8 most promi-

7 /7 nent dark lines in the solar wuectrum. They

/7 /7 are found in the foliowing positions. (A) deep

7 7/ red: (B) red; (C) red-orange, (D) yellow—these

7/ are the sodiuta lines, (E) green; (F) blue-
green; (G) blue-violet; (H) deep violet.

1. In the space provided in your Record Boek, sketch any
dark lines you observe. (It you don't sce any lines after
looking very closely, leave the space blank.)

Did you have difficulty seeing the dark smes in the spec-
trum of the sun? Don't feel teo bad. Not only did some of
the great scientists in the past not see the lines in the sun’s
spectruns, but some who did see the lines disregarded them.
For example, one good scientist thought they were merely
the boundaries between the various colors, '

For your information, the good scientist men-
tioned here - as William Hyde Wollaston. emi-

nent Enqlish chemist and physicist. He first
observed .he lines in 1802.

Joseph von Fraunhofer

Joseph von Fraunhoter (1787-1826, -as @
German physic.st  and  optlical-instri nent
maker. He s credited with the invention «f the <+-
ditfraction grating that is used on the spec- © '
troscope.

72  EXCURSION 1-1
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The dark lines that cross the spectrum of the sun were
first investigated by Fraunhofer in 1814. He measured but
couldn’t explain the positions of a great many of them. The
lines are now called Fraunhofer lines in Fraunhofer’s honor,

but their explanation was the product of another great scien-  Gustav Roburt Kichhott (1824-18b7) also

tist Kirchhoff wds a German physicist. He 1s pgrhaps best
! ’ X known for his Law ot Thermal Radiation and
It was found that these dark lines on the spectrum were i rules tor caiculating currents in elactrical

in exactly the same position as the lines in the bright-line  networks.
spectra of certain elements. The dark lines are believed to
. be caused when light from the sun’s surface passes through
N the gases in the atmospheres of the sun and the earh. Fig-
ure 1 shows a comparison between the two kinds of lines,
. The spectrum of the light from the sun has been photo-
graphed, and the positions of the dark lines noted. These
lines have been compared with known spectral lines. In this
way the astronomer has been able to predict what elements
the atmosphere of the sun contains. Figure 1

Fraunhofer lines in
sun's spectrum

H Bright lines in
® helium spectrum

H Bright lines in
hydrogen spectrum

You can do a simple experiment that will let you see the
Fraunhofer lines of the element sodium. You will need the
following equipment:

. ﬁ 3 pegboard backs
’ . I nichrome wire, 10 cm long A contaner. such as a baby-fu0d jar, may ba
1 pctri dish used instead of the petri dish. Likewse, the
| alcohol b N nichrome wire that was used win the NaCl
alconol buraer in Chapter 1 may be used here instead of
| spectroscope making a new one.
. I small container of water
_ I 150-watt bulb in parallel-circuit receptacle
-‘ 1 small pinch of Na(ll EXCURSION 1-1 73
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Figure 2

EXCURSION 1-1

Q

Aicohol lamp

(2. In the space provided, draw your predicted position of
the dark lines of the Na spectrum. (Hint: What did you find
for the bright-line spectrum?)

Take your equipment to a place where the bulb can he
plugged in. Figure 2 below shows how the bulb, alcohol
lamp, and spectroscope will be arranged after you have
completed Activity 3. A corner formed with two pegboards
and a third placed on top serves as a shield for the light.

|

o 60 M > {
s |

|

160-watt bulb

ACTIVITY 2. Plug In the 150-watt bulb. Support the spectro-
scope with books. Adjust the height of the books so that the
spectroscope is pointing straight at the bright part of the bulb.
The bulb should be about 60 cm from the closer end of the
spectroscope.

ACTIVITY 3. Turn off the 150-watt bulb. Place ihe alcohol
burner close to the end of the spectroscope. Dip the nichrome
wire into water and then into the NaCl. Then hold it in the
flame, avolding the wick. You should see the yellow sodium
lines clearly through the scope. Adjust the height of the burner
it necessary.
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Alcohol
Nichrome NaCl lamp
wire

After you have completed Activity 3, you should be able
to se¢ the bright continuous spectrum from the bulb when
it is turned on, and the bright yellow lines from the NaCl
flame when the bulb is off, without having to move the
spectroscope. Make the necessary adjustments until you can.

ACTIVITY 4. Twist the end of the nichrome wire so that it will
hold more salt (NaCl) in the flame. Dip it into water to moisten
it and then Into the NaCl.

Nichrome wire

ACTIVITY 5. Turn on the light. Light the alcohol burner. While
you are looking through the spectroscope, have a helper put
the nichrome wire with the NaCl into the flame. Look at the
spot where the bright yellow lines appeared before.

Nichrome




[13. In the space provided in your Record Book, deseribe
what you sce.

With proper (and much more sophisticated) If the observations are carefully made, and the lamp,

equipment, a dramatic demonstration of . . T T . v el
darkllne spectra can be done. Light from a Hame, and spectroscope are lined up pmp.«.lly. .thc dark
carbon arc, after passing through a series of  Fraunhofer lines should appear where the bright lines were

lenses and prisms, forms a continuous spec-  hefyre, The sodium (Na) vapor in the flume subtracts the

trum on a screen In a darkened room. A small . . .
amount of metaliic sodium Is Inserted into a ycllow lines from the SpCCtrum of the bulo. Fraunhoter noted

partially evacuated glass tube. When thistube  that the measured positions of the dark lines were exactly

.is placed In the light path and gently heated, . . . .
two dark lines appear In the yellow region of the same as the bright lines of many of the clements in a

the spectrum. flame.

(J4. How did your findings compare with your prediction
‘ in question 2?7
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EQUIPMENT
None

Energy at Work

This Is a reinedial-review excursion. The stu-
dent Is led Into It through the Checkup In
Chapter 2.

"

Whenever possible, scientists use operational definitions in
describing things they study. For example:
A scientific operational definition for work is

'WORK = FORCE X DISTANCEL

.

PURPOSE
To provide & review of the energy concept.

Excursion 2-1

MAJOR POINTS

1. Energy Is equated to work.

2. Erergy exists in different forms.

3. Energy can be transterred from one place
to another.

4. Energy can be changed f.om ona form to
another.

5 Energy can cause a change in matter.

6. Energy is conserved. When it changes
from one form to ancther, no enorgy Is lost
or Jestroyed.

Answers to Checkup

The correct answers for the
Checkup are 1 ¢; 2 b, d; 3 b,
¢, d; and 4 a, c¢. Notice that
some questions had more than
one correct answaer. If you
missed any of these, or if you
checked any of the other
cholces, do this excursion be-
fore going back to Chapter 2.

According to this definition, Iggy (above) is doing work
if he does two things:

1. Applies a force to the box, and

2. moves the box some distance.

Somehow, Iggy has the ability to do work. This ability can
be thought of as something present in him. We¢'ll call it
energy. The scientist, being precis¢, wants a more accurate
definition of energy. He says, “Energy can do work.”
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The scientist’s definition of energy has an iuteresting result.

There are different kinds of things that can do work. There-
fore, cnergy must cxist in differcnt forms.

For example, electrical devices (1) can do work; therefore,

electricity is one form of encrgy.

Heat (2) also can be ued in doing work. It, 100, must be

energy.

Light (3) is consideret as another form of energy because
it can do work.

Still other forms of energy exist Chemical energy is an
example.

You know from your own experiences that energy can be
transferred from one place to another. Light, tor example,
travels to the earth from the sun. A hot object next to a cold
one loses heat to the cold object. Electricity can move from

a power plant to the lamp on your table.
[J1. Give another example of the transfer of erergy.

Remember, too, that energy can be changed from one form

to another. For example:
Light can be changed 10 heat.
Electricity (4) can be changed to light and heat.
Heat (5) can be changed to light.

2. Can you give an caample of heat being changed to
electricity?
[13. Can chemical energy be changed to ¢lectrical energy?
4. Give an example or two of how energy causes a change
in matter.

When these changes in matter oceur, and when one form
of energy changes to another, no energy is lost of destroyed.
Energy may be absorbed, released, changed in form. and
spread around, but it is always somewhere—it is always
conserved. Scientists refer to this fact as the conservatinn of
energy.

Return now to Chapter 2.
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EQUIPMENT LIST
Watch or timer with second hand.

The Moon’s

Measurements

This Is a gensral-in‘ergst excursion that re-
quires a short perlod of observation outside
of school and a small amount of calculating.

During the 1968 Christmas holidays, the world was thrilled
by the successful orbiting of the moon by three American
astronauts. Of course, since then, several men have walked
on the moon’s surface. However, the first humans to get close
to the moon’s surface, astronauts Borman, Lovell, and
Anders, were in an exccilent position to measure the size
of the moon.

Even though you are a long way from its surface, you too
can measure the diameter of the moon. And you can do it
almost as accurately as could the astionauts. All you need
i5 a clock and the ability to visualize the motion of the moon
with respect to the earth. Figure 1 will help you do this.

\

Moon

Figure 1

1,500,000 miles around

i03

PURPOSE

To show a simple method for measuring the
diametar ot the moon.

Excursion 3-1

MAJOR POINTS

1. The distance around the moon's orbit,
1.500.000 miles, can be found by mult.plying
the distance to the moon, 240,000 miles by
2 x 3.14 (2 pi).

2. The apparent motion of the moon is influ-
e~nced by the rotation of the earth and the
movement of the moon in its orbit.

3. Most of the apparent motion of the moon
is due to the earth’s rotation.

4 The time that it takes for the moon to move
one diameter in the sky, divided intn thae
length ¢t time for one day (24 hours), will give
the number of moon diameters in one orbit.
5. Dwiding the number of miles in the mooun’s
orbit (1.500.000 miles) by the numbser of moon
diameters in one orbit will give the diameter
of the moon in miles.

79




How do you calculate
the distance around
the moon’s orbit? See
the last part of this
excursion.
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Figure 2

The corract timing of the passage of the moon
across a wire is the crucial point. In order 10
get a reasonable measurément, the wire
should be 1n such a position that it is at a right
angle to the moon's orbit so that the moon
will pass straight ecross ths wire and not
lateraily along it. The actual time of passage
will v refatively short, but it may take cons:d-
arably longer to get in the proper position for
the sighling.
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sumptions. Keep these in mind as you proceed.

Notice that the figure reminds you of two important as-

1. It is asumed that the moor’s orbit is a vircle. 1.200.000
miles around. The earth is claced at the center of that
ardle.

he - . - - AN X — -
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assumpuons are not completely accurate. Thev are close
enough, however, to let you make the measurements ycu
need. .

On a night when the moon is full and the weather is clear,
witch the moon for a few minutes. If you ook carefully long
cnough, you wili notice that the moon appears to move in
the sky. If you know your directions, you may even notice
that 1t moves from east to west. Look at Figure 2 and do
some thinking.

The apparent motion of the moon is influenced by two
things: (A) the turning of the carth, and (B) the moon's
movenent in its orbit.

Astronomers have found that mest of what appears to be
the motion of the moon is due to the turning of the earth.
In fact, it is reasonable to assume that when you view the
moon for only short periods of an hour or so, all the motion
observed is due entirely to the carth’s turning. You will as-
sume this to be so as you make the observation called for
in Activity 1.

Your first problem will be to find out how fast the moon
appears to move, Since doing this may take an hour or s,
you’d better start your work fairly carly in the evening.

ACTIVITY 1. Line up the top of the moon with a power line or
telephone wire. With your head resting against some object
to keep your eye steady, time the movement of the moon
across the wire. Record the time in minutes as your answer

to question 1.
Do not move ﬁ O Moon at B
C

your head.

\

\ o Moon at A

‘.‘

Measure the time
for the moon to
move trom A to B.

AUc}




(1. How many minutes did it take the moon to pass across
the wire?

Your answer to question 1 is a very interesting measure-
ment. Figure 3 may help you figure out what it means. The
drawiny is based upon the assumption that the earth’s motion
makes the moon appear to move.

Figure 3
Pasition of wive at

_-° start of timing t. The time should be about 2 minutes. For
- o o o 2 > o — - - > " simplicity in the calculations, you may want
the students to round off the reading ‘o the
nearest minute, and n~ot use a fraction or a
decimal of a minute above -r below the two
Pngition of wire minutes. Question 2 is just a reaffnmation of
at end of timing this same reading ¢f 2 minutes. Question 3 is
24 hours per rotation mulitiplied by 60 minutes
oor hour, or 1,440 minutes per rotation. In
question 4, 1,440 minutes per rotation aivided
by 2 minutes per dlameter gives 720 diame-

ters per rotation.

1 moon diameter

The rotation of the earth moves the wire and observer to

a new position with respect to the moon. Since the observer

\thinks he is motionless, he naturally believes the moon has
rioved:

{J2. In question 1, you recorded the minutes it takes for
the wire to sweep across one moon diameter. How many

minutes did this sweep take? Figure 4

(3. How many minutes does it take the earth to make one
complete rotation?

Moon orbit

[(J4. How many moon Jdiameters would a telephone wire
sweep across in one full day? (Hint: You know the time
needed to sweep across one moon diameter. You also know
how many minutes there are in one full day.)

You now have enough information to calculate the monn’s
diameter. Your answer to question 4 tells you how many
moon diameters there are in one¢ moon orbit. Figure 4 illus-
trates this.
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5. The calculation shouid show 1,500,000
milles per rotarion divided by 720 diameters
per rotation, or about 2,080 miles for the di-
ameter. The accepted astronomical figure Is
2,180 miles, which means that the student
measurement |s smaller by less than 4%. This
cnuld be considered a remarkabl® accurate
accompilshment.

4

An astronomical ¢ddity Is the fact that, seen
from the earth, both the moon and the sun
meacure about 4° In the sky. This Is about the
width of a pencil held al arm's length. It Is
because of this odd fact that the moon can
exaclly eclipse the sun at times when they line
up in the heavens. This a so gives an alterna-
tive method for doing the problem. If the sarth
rotates on s axis through 360° In 24 hours,
then It rotates 15° per hour. Thatis 15 dividud
by 60, or $° per minute. To go 4°, then, would
require 2 minutes, which is the time the stu-
dent should have observad. Dividing 4° per 2
minutes by 360° per rotation gives 44, of a
rotatlon in 2 minutes. ;34 of the orbital dis-
tance of 1,500,000 miles Is the same 2,080
miles.
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You also know the length ir. miles of the moon’s orbit
(1,500.000). The following relationship allows you to mane
the final calculation.

Diameter of Length of moon’s orbit (in miles)

moon (in miles) = Number of moon diameters in one orbit
(J5. What is the diameter of the moon?

Special note to students on calculating

the length of the moon’s orbit

Are you wondering how the moon’s orbit wus measured?
In Chapter 3 you learned that the moon is about 240,000
miles from the carth (Figure 5).

Figure 5
Moon

240,000 miles

You may know that the distance around any circle (eir-
cumference) may be found by multiplying the distance across
the circle through its center (diameter) by a constant called
= (pronounced “pie”). The value of = is approximately %,
or 3.14. With this in mind:

Distance around = = X distance across

= & X 2 X half the distance across
3.14 % 2 3¢ half the distance across
= 6.28 % half the distance across

I

1

{1 Figure S5, “half the distance across™ the arcle is the
distance from the carth to the meon. Thus we write:

Length of the moon's orbit
= 6.28 % distance from the carth to the moon
= 6.28 X 240.000 miles

1,500,000 miles

It
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EQUIPMENT
None

What’s Radar?

This is a genereal-interest excursion, with
praciice In using distanca calculations.

What is radar? The name radar was coined from the words
RAdio Detection And Ranging by two United States naval
officers, F. R. Furth and S. M. Tucker. Radar is the process
of using radio pulses to detect the location of an object. In
the process, very short powerful pulses of radio energy are
transmitted. They bounce off the object and return to the
sending station a bit weaker.

Radar technicians measure how long it takes for a pulse
to travel to an object and back. The longer it takes the pulse
to return from an object, the farther away the object must
be. Thus, by measuring time of travel of the pulse, it is
possible to determine the distance a target is from the radar
set.

107
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FURPOSE

Te explain how tadat is used for the meas-
urement of cutronomical distances

Excursion 4-1

MAJOR POINTS

1. Radar uses radio pulses o cetect the loca-
t1on of an ob:ect

2 Radio pulsus tiavel at a speed of 186,000
miles per secaond.

3. The distance to an object can be computed
by taking half of the rouna-t;in time for a pulse
to trave! 10 the objert and hack.

4. Many difterent objects can be loca'zd by
radar

5 Radar 1s ineftective in accurately meas-
uring the cistance to the sun.




The student may recognize the speed of
186.000 miles per second as that ot light ~nd.
in tact. of ail electromag.etic radiation Note
that the 280-second tound-trip time s for the
situation when venus is closest to Earth, and
when Earth, Venus, and the sun are ir a
stra:ght line.

This is precisely how radar was used to measure the dis-
tance to Venus. Radio pulses travel at 186,000 miles/scc. A
pulse of cnergy was beanied at Venus. Then the raduar opera-
tor waited until his antenna received the reflected signal.
Since the round-trip time was about 280 seconds, the one-way
trip took half this time; that is, the pulse required 140 sce-
onds, or 2} mitautes. to travel from Farth to Venus (Figure 1).

2Y3 nunules, one way

. Y

Lt (\) ()

Earth

The student may not know how to use spisd
and time to hind distance. and may need neip.
Speod X time = distance. The answars to
the th:ee questions are as follows:
1. 186,020 mu.sec ¢ 30 sec/min =
’ +..160.000 mismn
2. 11,960,000 mi/min x 2.3 min =
26,002.800 mi

3 Same as 2 (26 milion m:es;

\ ¢
\
/

\(\}(\

Figure 1

You probably know how Ly use speed wind time measures
ments to find the distancs traveled.

11. How far wili a radio pulse travel in [ minute if it moves
185,000 miles/sec?

iJ2. If the pulse takes 2.33 minutes o ravel from Venus
10 Earth, how far has the pulse traveled?

3. How tar is Venus from Larth?

Using the methods discussed above, radar locates airplanes
and ships, birds and thundersrorms, man-made sa:cllites and
planets. The same principle has also been used to measure
the diswance to Mars, Mercury, and of course to our moon.

So far. scientists have not been able to use radar to ac-
curately measure the distance to the sun. Being a body com-
posed mainly of bot gases. the sun s what scientists call a
*soft” target rather than a hard wrget such as a plaret. There-
fore, although rudar can give the distance to Venus 10 use
as a base line in measuring the distance to the sun, it canno
accurately give the distance to the sun.



EQUIPMENT LIST

Protractor
Ruler

Angles and Protractors Excursion 4-2

MAJOR POINTS

1. An angle is formsed when two hines meet.
2. The maeting point of the hines Is called the
vertex of the angle.

3. When two lines meset to torm a squara
corner, they form a right angle, which con-
talns 80°.

4. The angle ibat you are interested « is
indicated by a curved line naar the vertax,

As you open a pair of scissors, the angle (opening) formed
by the blades changes. '

This is a ramedial excursion

Figure 1

“71. Which angle formed by the blades in Figure 1 is the
largest?

Whenever two lines meet, an angle is formed. The mecting
point of the lines is the vertex of the angle (Figure 2).

Vertex
AN

(2. Can an angle have more than one vertex?

When two lines meet to form a square corner, they form
a right angle (see Figure 3).

Figure 3

05

PURPQSE

To acquuint the s'udent with the proper u:
of a protractor to measure and constru
angles.

5. There are ditferent kinds of pro.ractor
6. To measure an angle, a protractor mur
cover the angle, with the center point on th
vertex and the 0% mark touching one sic
7. To draw an angie ot a part cular size, dra.
a line; place'protractor o line with center ¢
ons end and 0° point on the line; mark a pen
at the desired angle; connect this point wy
the end of the line on which the contor ot i
protractor was placed.

Figure 2

Right angle
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Figure 4

EAXCURSION 4-2

(3. List some examples of right angles formed by objects
in your classroom.

Noticz the curved lines used *o indicate angles in Figure
4. Such a line can indicate any angle you are interested in,
Right angles are usually represented by @ square, as in
Figure 3.

/
—~

Circles are measuted by dividing them into
called degrees. These are not the sarae kind of degrees you
remember from your earlier work with temperature. How-
ever, the same symbol is used for angle degrees.

Thus a right angle contains 90° (Figure 5).

90
Figure & 80 g

60

// /50

\_

4, What portion of 4 cirele is a right angle (90°)?
p & E

[75. If a right angle containy 90°, how many degrees are
in a compiete crele?




It your supply of protractors or the ones th.
students have are different rom the one illus.
L trated. you may have to adapt the activitie:
3 Look at your protractor. It should be positioned with its  180° to teach them to use the other kind.

center point on the vertex B of angle ABC, and its zero
| point on line BC. This is shown in Figures 6A and 6B.

e

A Figure 6

A B

00
on

o 180°
B

Some protractors have two scales. You then use whichever .
one is casicr in rcading the desired angle. In the following  Flgure 7
illustrations, a protractor with only one scale is shown. Fig-
ure 7 provides an angle for you to measure for practice.
Activities 1 and 2 show you how tc do it if you need addi-
tional help.

ACTIVITY 1. Set the protractor on the angle with the center
point on the vertex and the curved part of the protractor
covering the angle. The 0° mark must touch one side of the
angle. Notice that the protractor forms a curved line like the
ones you've seen in the drawings so far.

‘. ACTIVITY 2. Read the number on the scale that the other side
. { : of the angle passes through.

- ' 43°

\re -

EXCURSION 4-2 87




Measure the angles\g Figur: 8 to the ncarest whole degree.
Record your measurements in Table 1. Have your teacher
check your figures to be sure that you understand how to

Figure 8 use the protractor.

Table 1

Figure Angle (°)

A

B
c
D

You should check the angles yourself. Angles
should be as follows. A-57°, B8-21¢;
C—121"; D~109°,

Now that you have measured some angles, try to draw
some angles of certain sizes. Activity 3 shows you how.

ACTIVITY 3. A. Draw a line. B. Place protractor with center
on one end of the line. C. Mark a point by the desired angle.
D. Connect this point with the line’s endpoint.

™

o aen e A ———— S ot (3 A b PO oA S

fr" 120°

[16. In the space provided in your Record Book, craw the
following angles: 72°, 30°, 115°.

Have your teacher check your drawings. When he ap-
EXCURSION 4-2 proves, you are ready to return to your work in Chapter 4.

2z
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EQUIPMENT LIST .
Tov aceny et te st wadn the ane of scale
Mstric ruler drawingy

Scale Drawings Excursion 4-3

MAJOR PO S

This 1s a remedial excursion that the student 1 Lvon ko the o ol adiawine 00 Can
should do if he deoes poorly on the Checkup. et Ly g Of 1o bt e
Do The actaat - o an ottt end Lo the

mMe-dsutement Cone < awane, il he by the
sCale used
Actual degaces can be found trom a map
’ by usingg the o dean the same way

If you know the scale used in a drawing, you can determine ~ Answers to Checkup
the actual size of the object drawn. Look at Figure 1. Itisa 1. 16 teet (Consider 15 or 17

simple plan for a new building, , '& ':0 f‘?:;e etl\:uo?g 5
. L onsiaer or

. . to be close enough.)
[C)1. What scale did the architect use? I you missed either of these
) . . questions, do this excursion
(J2. How many centimeters wide is the storage area as  before returning to Chapter 4.

shown in the drawing?

[13. When the warehouse is actually built, how wide will
the storage area be?

Figure 1

Plans For Acme Warehouse
Scale:icm =10m

Office

Storage area

€&——— Width —>

Parking area
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Your answer to question 2 should be 4 cm. The answer
to 3 should be 40 m (This results from multiplying 4 X 10
Remember that 1 cm on the drawing represents 10 m in the
finished building.)

[]4. Use the information in Figure 2 to answer these ques-
tions:

Boston

Chicago

San Francisco

New Orleans

Scal: 1 cm = 300 miles

What is the actual distance
A. from Boston to Chicago?
B. from Chicago to San Francisco?

Answers giwven are in round numbers it you C. from Chlcago to New Orleans?

are consulted about any missed parts to the

question, you wiil have to use your judgment . T e . :

concerning further action It may only require .It your answers to qucsnor 4 were AL 840 mlles, B. 1,800
S moment of time 1o straighten out the dimi-  miles, and C. 840 miles, you are ready to continue with
culty, or it may indicate that the student , . npte . :
4 apeat tha excursion You might even Chapter 4 If you missed any of t_he parts to question 4,
Sant 10 dewise another simple exercise on  consult with your teacher betore going ahcead.

scale drawings for additional practice.

90 EXCURSION 4-3




PURPOSE

ENUIPMENT LIST T uve addd oted practice s measunng on
a sGale diavene and using the measurements
Metric ruler w0 tind actua ristances.

Practice in Using E-xcursion 4-4
Scale Drawings

MAJOR POINT

This is a remedial excursion that is designed Actuai distiars « - can be tound by multiplying
to help those whq are having difficulty findiag the distance:s maasured on a draw g by the
the required distances at the end nf Chapter scale of the drawing.

4

How can you find the distances from Earth to the sun and
Venus to the sun by using a scale drawing? The sketch in
Figure 1 is a scale drawing. Measure the distances shown
on the drawing: VS, ES, and EV. Try it.

Figure 1

Compare your results with the figures in Table 1. Remea-
sure any distances that do not agree with the numbers in the
table.

Tabie 1
Scale Drawing Actual Distance
(Distance in mm) (in miles)
Venus to Sun (VS) 43 ?
Earth tc Sun (ES) 60 ?
) Earth to Venus (EV) 17 26,000,000
. 91




it the student is stili having ditticulty at this
point, and consults you. it may help to break
the *'system’ Into its components to try to
locate the trouble. The system of geting ac-
tual distances from a scale drawing invoives
two subsystems:

1. Making the measurement.

2 Converting the measurement 10 distance.
Under “'making the measuremant’’ could be
the components of (a) using the proper scale
(f there 18 more than one) on the ruler, (b)
placing the ruier on the proper line, (c) having
the zero of the ruler on one end of the line,
(d) reading the ruler correctly.

under "‘converting the measurement to actual
distance’” could be the components of (a)
using the pr.per mathematical operation
{multiplication). (b) multiplying correctly, and
'c) copying the result correctly.

92 EXCURSION 4-4

(J1. From Table 1 you sec that 17 mm on the drawing
represent 26,000,000 actual miles. How many actual miles
would be represented by 1 mm? Of course, & as many miles,
or 1 mm on the drawing, represents # X 26,000,000 actual
miles = how many miles?

(J2. How many actual miles would be represented by 2 mm
on the drawing?

[13. Now figure out the Venus-sun distance for Table 1. How
many actual miles are represented by 43 mm? 43 mm in the
drawing represent §§ x 26,000,000 actual miles = how many
miles?

4. Using the same method, you can find the Earth-sun
distance. The Earth-sun distance on your drawing is 60 mm.
How many actual miles are represented by 60 mm?

You should have gotten about 66,000,000 actual miles as
an answer for question 3. About 92,000,000 actual miles
should be your answer for 4. Record these results in Table
1 in your Record Book. Now return 1o Chapter 4 and com-
plete Table 4-2. If you continue to have difficulty, consult
your teacher. T
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EQUIPMENT LIST

1 telescoping tube with caps

1 object lens, 34 mm in diameter

1 eyepiece lens, 25 mm in diameter
1 piece white cardboard

1 meterstick

Masking tape

Moon Gazing

This is a general-interest and extension ex-
# cursion.

A Dutch eyeglass maker. Hans Lippershey, discovered the
principle of the telescope. He found that an eyeglass lens
can focus light coming from a distant object. As light passes
through the lens, the light rays are brought closer together.
They eventually cross and can form an image on a flat sur-
face. The crossing of the light rays produces an upside-down
image of the object. Figure I illustrates this.

fFocused
image

Lippershey found that such a lens could be placed in one
end of a cylinder. A smaller lens, placed at the other end,
could be used to magnify the image. (See Figure 2.)

Magnified image as

Lens of telescope seen by observer

- s B e~ --

y/.. ...............

PURPOSL.
To constiact d sunple astronomgal telescope
and study tie pninciples of its operation.

Excursion 5-1

MAJOR FOINTS

1 Aldens can focus hght rays from an object

to form an o qted image.
2 Alers can he used to magni'y an image.
3 The ditance from the lens to its focus is

called the focal length of the lens.

4. The power of a telescope 1s equal to the
focal lencth of the object lens divider by the
tocal length of the eyepiece

5. An aztronomical telescops forms an in-
verted imaas

6 The dineter of the object Ivr =15 a meas-
ure of the hgnt.gatnenng ability «f the lens

\

Figure 1
Distant
object
Figure 2
Object iens



The study of lenses and thewr uses i e
scopas can be & complete subject in 1telt,
and 1s far beyond the capabilt 5 of the stu-
dent at this po:nt For your intermation. the
type of telescope disc ussed in this excur,-on
15 called a refractor, because it facuses Laht
by refraction, or bending The largest refeact-
ing telescope ot this x nd is the 40-inch in.
strument at Yerkes Obsesvatory. This 1s ahout
thirty times the diameter of the 34-mm i-ne
used nere The hght-gathering ability 1€ pro-
portional to the square ot the d:ameter, su the
verkes instrument collects 30 squalcd. or
900. times as much hgit Instruments qer
than this have been found to be: mpractical
because of the tendency of the huge lenis to
saq. distorting the wmaqe Thus, alt the larger
telescopes (oday are reflectaors. which forin an
image by the retlection of ght The nurror
« a0 be adequately suppotted friom the rear.
<o there 1s btk distortion The larguest of Hhese
in use: at presentas the M0-inch Hale e
tuf, which (athers ovet 22 000 times .t ratch
gttt as your hile fens \With this an .t of
heght to work with, eycpreces can e nned the
give trermendou. . toatons

g4 EXCURSION 5-1

Lippershey probably didn't think of using his telescope 1o
look at the stars or moon. But others who heard of the new
gadget did. Soon instruments Were being made just for that
purposc. One person who made his own telescope and used
it for sky gazing was the scientist Galileo. Perhaps you've
heard of him. He's the same fellow who tested the idea that
objects with different masses fal! at the same rate.

People who usc telescopes don't just want to sce distant
objects. Tey want to sce as much detail as possible. To
understand how this is achieved, you need to know a bit more
about the lenses in the telescope.

The distance from the object fens to its focus is called the
focal length of the object lens. Likewisc. the distance from
the eyepiece lens to its foeus is the focal length of the eyepiece.

The power or magnification of a telescope is calculated
by using the following equation.

Focai length of object lens

Power = — .
Focal length of eyepicee

(771. Suppose a telescope has an object lens with 30-cm focal
length and an eyepicce lens with 5-cm focal length. Deter-
mine the power of the telescope.

The greater the focal length of the object lens as compared
with the focal length of the eyepiece, the greater the mag-
nification. However, when you magnify size, you also mag-
nify motion. So the greater power thz telescope has, the
steadier you must hold it. EBven the slightest motion may
make the image seem to float, bobbing up and down and
sideways like a vork on a windswept pond.

712, Why must giant telescopes at observatories rest on mas-
sive conerete foundations?

Perhaps you'd like to construet an instrument similar to
the one Galileo made, and use it s he did--to observe the
surfice of the moon, its craters, flal plains (called scas). and
mountams. 1f so. you will need the rollowing cquipment:

1 cardboard tube. 40 ¢cm long, with inside tube and end
Caps

I object lens, 34 mm in dameter

I eyepicee lens, 25 mm in diameter
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1 cardl;oard, 15 cm square, with white surface
Meterstick
Masking tap:

In order to know the power that your telescope will have,
you need to find the focal lengths of the two lenses. Be careful
in handling them. Do not drop them, as they break easily.
When you are ready to start, go to the darkest part of the
room and prop the cardboard flat against the wall.

ACTIVITY 1. Hold the object lens (the larger lens) by the edge,
in front of the cardboard. Move the lens toward or away from
the cardboard until a faint image of a distant object appeais
on the cardboard. The distance from the lens to the cardboard
will then be Its focal length. Use the meterstick to measure
this distance.

Finding the {ocal e gths of the two lenses
can be tticky Viath tne methud illustrated. it
15 tmperative v have a darkened area where
the mmage <. be tormed. You might have
greater succes with the following alternative
method.

Plug m a 150-v.att budb and socket. Hase the
student set ap b o white: card, meterstick, and
lens about 10 et away fro.a the bulb Focus
the ight onto the Said by moving the: fens until
L smillest Lharp spot of ight s tormed. The
digtance frum the fens to the card will be
Jong enough i the actual focal lanath for
student us This method may be used with
the room lighted

Cardboard
on wall ———

Faint image ~—4———— " = VA

Focal length

[13. What is the focal length, in cm of the object lens?

: . Repeat Activity | with the eyepiece lens. This time the
focal length should be much shorter.

(14. What is the focal length of the eyepicce lens, inem?

(5. Using the equation given earlier, calculate the power
of your telescope.

Now continue with the telescope construcuon.

119

T - Meterstick

The lenses, o, chedd e supposed to have
fooablenatte. 8 2 omand 4 cmorespectvety
(Queshons 0 a4y T means that the
ponve: e o hosall e g itlie over 11
Yoru iy v 0 Lo chieck the denge g that gre
gepied o e iy Hive qiver you an
approxamate - ate of e sgm ot e focal
Lengthe,

EXCHHISION T a5
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Large end

An 11-power telescope 1s comparable to the
ones Galileo constructed. At a magnif:caunn
of 11 diameters, tiny motions are maygmtied
the same amount. The scope must be stead-
ied ‘n order to see anything clearly.

96 EXCURSION 5-1

ACTIVITY 2. Remove the two caps from the ends of the sliding
tubes. If the pinhole disk or the acetate grid disk is still in

either of the caps, remove it and return it to your teacher.

Small end

ACTIVITY 3. Slide the larger lens into the large cap and the
smaller lens into the small cap. Be careful not to get finger-
prints or dirt on either lens.

Large cap

Small cap

ACTIVITY 4. Replace the caps on the tubes. Secure them with
small pieces of tape.

Take your telescope to the window. Rest it on the ledge
or d&dE('{hL window and point it toward a distant object

other tan the sun. Hold the eyepiece close to your eye. Shide
the oufer tube out or in unul you can see a sh.up image.

Satety Note Renmcinber, do not lvok al iite sun.
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(J6. Describe anything different about the image that you
observe (different from what you would see with the naked
eye).

Besides magnitying, your telescope did soniething else that
was unusual, You should have described it above. This 1s
a commoff trait of astronomical telescopes. However, it is
not bothersome.

(17. Why is the unusual trait not bothersome to astrono-
mers?

Your telescope will give maximum magnification when the
distance between the lenses is about equal to the sum of their
focal lengths.

[718. How far apart should the lenses be in your telescope
to give it the maximum magnification?

ACTIVITY 5. Sight a far object to adjust your telescope for
maximum magnification. Then measure along the outside of
the case to get the approrimate distance between the two
lenses. '

y =

Any diflerence between what you measured in Activity 5
and what you predicted in question 8 will be duc in part
to individual eye diftferences (assuming thai you answered
question 8 correctly).

Incidentally, if you were to buy a telescope, field glasses.
or binoculars, you might see two numbers listed 1n the de-
scriptive literature. You might, for example, see "8 X 307

A0

(read *“‘eight by thirty”). The first number is the power.-in

this case, a magntication of § times. The second number

B The e vy e cihean: Tio,
ot s NG S ome o At ey (Gues-
ton Gt et e - BN dldbence o

theern webn o o e viewed in-
veerteerd Ot v s et e ol ion, maet adenn as-
franGing - b Lero s
TGy o - o cal) e INLUh it Gl Senea
tnvty Thee o picture need Giiy be turned
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9. Al face value, the descriptive numbers
would be 11.3 x 34 Actually, the power
would probably be given ‘o the nearest whole
number—11. Examination of the telescope
shows that. although the lens 1s 34 mm in
diameter, the inside diameter of the larger
tube limits the effective size of the lens to
25 mm. Thus. the numbers could better be
stated as 11 » 25 But even with only 25 imm
usable. the iittle telescope has remarkabie
light-gathering abiiity. It has a diameter about
5 times as grea® as the pupil of an eye. so it
would gatiter 25 times as much light.

You will have to be the judge vn the use of
the instrument outside of scheol Actually it
can be a stimuiating experience for the stu-
dent. With a similar instrument, Galileo
mapred the surtace of the moon. described
the wppearance of mountains on the termi-
nator. discovered 4 moons of Jupiter, and
observed the phases of Venus.

98 EXCURSION o-1

gives the d.ameter of the object lens in millimeters—in this
case 30 mm. The latter figure is important. It tells you the
iight-gathering ability of the instrument. The higher this
num.ber is, the more light it allows to enter the instrument.
Instruments with greater light-gathering ability work better

at night.

[J9. Give the descriptive numbers for the power and light-
gathering ability of your telescope.

Now that you have made a telescope, ask your teacher
if you may use it at night to observe the moon. You should
be able to identify some of the moon’s features.

~5
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EQUIPMENT
None

The Night That
People Lost 10 Days

Tins is an excursion for general interest and
extension.

You've probably heard the story of Rip Van Winkle, who
slept for 20 years, but have you heard about the night the
people of Rome, Italy, actually slept away 10 days? 1t seems
incredible, but in 1582 everybody in Rome went to bed on
October 4 and woke up on October 15. Even more re-
markable is the fact that the next day, October 15 in Rome,
was only October 5 in London, England! How this amazing
turn of events came about is the subject of this excursion.

The story goes back a long way—to a time well before
the birth of Christ. In those early days, people found it hard
to predict and describe when important events were going
to happen. They used events such as the arrival of certain
kinds of birds or changes in temperature to measure the time
of the year. Of course, these methods were not completely
satisfactory. Bird arrivals and temperature changes don’t
happen at exactly the same time each year.

PORPOSE

To explaun how the present cakendar came
ita beurr gl ta toll caome nf the changes
that had to beomade e order to use it

Excursion 6-1

MAJOR POINTS

1 A caletalas s i system of timekeeping
pased on Lomoe regalar event.

2 Three e oble regular events are the ap-
pearance of o full moon, a4 su.arnse or the
counng o ey

3 Probat iy ihe firgt calendar was made more
than 4,000 wears ago

4 The Rorrans made signihicant changes in
the calenador

5 A churon decre? sething the tme for the
cefebratton of Easter as the trst Siday on
or atter the: hrst fill moon afte. iwe nrst day
of sprinq necessitated turther changes 1n the
calendar

6 Wonen the new G